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ADVERTISEMENT. 



The importance of blasting, almost the only im- 
provement which modem science has placed at the 
disposal of the quarryman to lessen his toil, has 
already exhausted several editions of this treatise ; 
and the practical knowledge brought to bear on the 
subject by General Burgoyne, which it communi- 
cates, is so highly appreciated by all connected with 
stone and slate quarries, that a reissue of the 
treatise is again called for. 

To the fifth edition an Appendix was added by 
Mr. Weale, containing some account of the failure 
of the attempts to blow up the unfinished bridge of 
Pesth by the Austrians in 1848; and of a like 
unsuccessful attempt by the same to blow up the 
bridge over the Ticino, near Magenta, in 1859. The 
first was communicated by the late Mr. William 
Tiemey Clark, the engineer of the bridge ; and the 
second is from the pen of General Burgoyne. 

Mr. Weale also added the parliamentary speech 
of Captain Vernon when calling the attention of 



IV ADVERTISEMENT. 

the House of Commons to the ** Services of the 
Royal Engineers in the Crimea/' That speech will 
ever be read with interest as a tribute justly paid 
to the skill and discernment of General Burgoyne 
during that campaign, more particularly as regards 
the siege of Sebastopol. 

By way of Appendix Mr. Mallet has added a 
note upon " Mechanical Rock-boring and Cutting," 
as pursued at the Mont Cenis Tunnel, now in 
progress, and upon "Rook-hewing Machinery" 
employed upon various coal-seams in the north, and 
at thb Holyhead Quarries, where the rock is 
quartzite. 

To this edition a general Index is also now 
added. 
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QUARRTIKG AKD BUSTING EOCKS. 



Ik a '' Eudimentary Series/* such as the one to which this 
volume belongs, perhaps no subject can be introduced njdth 
greater fitness than that of quarrying or stone-getting,—' 
certainly one of the rudimentary arts connected equally with 
the duties of the engineer, the architect, and the practical 
builder. Any attempt to recount the history of the ar^ 
would oblige us to extend our retrospect to a very early date, 
perhaps we should rather say to a dateless period ; to call to 
mind the structural wonders of Tyre, of Sidon, and of 
Thebes ; and to close the history with the confession that, 
however the mechanical modes of wielding the wrought 
masses may have received improvement in modem times, the 
primitive methods and tools of the quarryman and of the 
mason have, if we except the introduction of gunpowder* 
become no more altered in our hands than have the chiselled 
works of the ancient sculptors been surpassed by the 
productions of later ages. The one powerful assistant, 
however, to which we have referred, has been enlisted in the 
service of the quarry within a comparatively recent period, 
and its aid has certainly supplanted to a great extent the 
action of the wedge and the hammer. 

"Without this valuable auxiliary, the work of separating 
large masses of stone from their native blocks or beds must 
have been infinitely more laborious, and have needed also 
d skill of no mean degree. The art of applying gunpowder 
to this purpose has, however, remained very nearly the same 
since the first experimenter "jumped" and "charged "a 
bore in the stubborn rock, which till then had been attacked 
only with the chisel and the wedge. 



t QUAllRYING AND BLASTING UOCKS. 

The implements employed for quarrying by mere manual 
labour are simply the sledge hammer or mallet, the borer or 
chisel, and the wedges, besides trucks, and such gearing 
as may be required to facilitate the removal of the blocks 
when detached. Of these, the only one which needs any 
description is the chisel, which is an iron rod with a steel 
cutting end, welded at one extremity, and flattened to a 
wedge-like form at the other. The implements used in blasting 
are of a similarly simple character, and consist of the borer 
or jumping tool, the scraper for clearing the hole of the 
chips produced, the claying bar for driving in dry clay if the 
hole be too damp for the immediate introduction of the 
charge, the needle, which is driven into the charge, and 
remains while the hole is filled up with stones, &c,, so that, 
when ultimately withdrawn, a channel is preserved commu- 
nicating directly with the powder. While the needle, whick 
is a long thin copper rod, remains in its place, the space 
around it is filled up, by means of the tamping bar, with 
stones, &c. 

In the following paper, which is from the pen of Majop- 
General Sir J. F. Burgoyne, we have a most usefdl coUecnon 
of facts upon the subject of blasting, together with a 
complete account of the process and the materials employed, 
and several hints for the improvement of both, which we 
trust will receive all the attention due to their high authority 
and intrinsic practical value. 

The operations which constitute the entire process of 
blasting are, boring the holes, loading, and firing. 

BOBING THE HOLES. 

The best means of expediting the operation of blasting, 
would be by any contrivance that would render the boring 
of the holes more quickly executed. 

The ordinary implements used for this purpose are, the 
jumper or cutting-tool, the hammer, and the scraper. 

There is mudi discrepancy in the account given in 
different places, of the time required for boring holes ; 
arising from differences in the precise qualiir of the rock, 
the mode of working, and the different bases of calculation. 

The following, obtained from John Mac Mahon, Esq., of 
Dublin, is the result of some considerable experience in 
quarries of granite of good quality at Dalkey, in the neigh- 
bourhood of Dublin. 
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** 8-inch jumpers, used in boring holes from 9 to 15 feet 
deep ; 2 men striking, and 1 man holding and turning the 
jumper, bored on an average 4 feet in a day, or 6 feet with a 
2i-inch jumper, which was frequentiy used for boring the 
same depth. 

** 2J-inch jumper, for holes from 5 to 10 feet deep ; 3 men 
as above would bore on an average 6 feet each day. 

*' 2-inch holes from 4 to 7 feet deep ; 3 men would 

bore 8 feet of such holes. 

" 1 1-inch holes from 2 feet 6 inches to 6 feet; the 

3 men bored 12 feet. 

" In working the two last classes, a strong boy will 
answer to turn the jumper instead of a man. 

" 1-inch jumper, for breaking the fragments of rock to 
smaller pieces ; 1 man bored 8 feet per day. 

" The waste of steel and iron was nearly as follows : — a 
3-inch jumper took for its bit 2 lb. of steel, with which it 
would bore 16 feet, on being dressed or sharpened 18 times ; 
waste of iron 18 inches to each steeling, or li inch for each 
foot bored. 

2-inch jumper took 1 i lb. of steel. 
1 1-inch „ „ I lb. 
1-inch „ „ 3 oz. 

" They would all bore from 18 to 24 feet with each 
steeling, and require to be sharpened about once for every 
foot bored. 

" The weight of the hammers used in boring with each 
class of jumper was as follows : — 

18 lb. hammers for 3-inch jumpers, 

16 lb. „ „ 2i and 21-mch, 

14 lb. „ „ 2 and li-inch, 

5 to 7 lb. „ „ 1-inch, used by one man. 

" Chum jumpers, so called from the manner in which they 
are worked, from 7 to 8 feet long, with a steel bit at each 
end ; general diameter, li to li-inch. Two men woidd bore 
with them about 16 feet per day." 

These last are much more efficient than those struck on 
the head with a hammer, and are sometimes used with a 
spring rod and line. They are applicable to holes that are 
vertical, or nearly so, and to rock that is not too hard : in the 
granite at Kingstown they were abandoned on account of the 
edges turning so fast, that the frequency of the necessary 
sharpenings gave the advantage to the use of the hammer: 

b2 
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where they can be used, the work will be performed at a far 
more rapid rate than even above mentioned. In bormg 
artesian wells to great depths the application of the tool is 
entirely on this principle. 

A still quicker mode of boring would be by drilUno the 
holes, if it were feasible. It has often been proposed, but 
the cutting edges of the tools will not stand in any kind of 
stone. 

"Where charges have been exploded without blowing out 
the tampiDg,* it may be very desirable to bore the latter out 
for the purpose of introducing another charge ; in such case 
the hole need not be of the size of that originally made, as 
1-inch bore will be adequate at any time. 

In clay tamping, a hole may be bored out with the jumper 
and hammer at the rate of about 26 minutes for 3 feet. 
Broken stone tamping will be bored out at the rate of 20 
minutes for 3 feet. 

A very few trials were made to bore a hole through clay 
tamping with an auger ; the labour was less, as fewer men 
were necessary ; the time consumed was somewhat more, 
but the tool was capable of improvement, and the men were 
new to its use. 

It is conceived that augers, properly constructed, may be 
used to advantage in re-boring through clay tamping for 
successive blasts from the same hole, to the gain of a saving 
in time and labour, and avoiding the application of water, 
which is necessary with any kind ol jumper. 

In case of a miss-fire it is a very dangerous practice to 
re-bore the hole, and has occasioned very many bad accidents ; 
it is very properly usually forbidden altogether. K the hole 
be vertical, or nearly so, and the needle or fuse hole can be 
cleared, so as to ensure a thorough wetting of the charge, by 
pouring water down, it might be done with safety; but 
sometimes the very object of the quarryman is to save the 
powder, — a very unworthy one for which to incur the great 
risk of killing or maiming two or three workmen. 

To prevent the loss of any large charge in this way, a hole 
is sometimes bored on one side, and within a few inches of 
the one that has failed, to the same depth as its charge, and 
being loaded and exploded, has had the effect of igniting the 
other also. 

* The " tamping" is the filling up of the hole in which the charge of 
^wder, &c., is deposited. — ^. 
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An apparatus for boring to considerable depths Lag 
recently been introduced into this country from mines in 
Germany* by Charles Vignoles, Esq., C.E., which it is 
belieyed is far more efficient than any hitherto employed in 
Great Britain. 

This machinery has been in operation, it is believed, on the 
Manchester and Sheffield Eailway, of which Mr. Vignoles 
was the engineer ; its direct application being to bore into 
and ascertam the precise qualities of the strata through which 
the great tunnel (3 miles in length) will be carried, which is 
to form the communication through the mountain ridge that 
divides the eastern and western inclines of England. 

The principal feature in the process is that the cutting 
tools are attached to a heavy weight, and worked by a rope, 
instead of by rods with screw joints. 

The rope is wound round a cylindrical roller by a winch, 
and there are several ingenious contrivances in the details 
and parts of the machinery, that tend to facilitate the 
operation. 

Upon the judicious selection of the position of the holes 
will m a great measure depend the usenil effect of the blast ; 
but two leading errors are committed hj quarrymen or 
miners in general, viz., selecting an injudicious position for 
the charge, by which the action of the powder is exerted in 
the direction of the opening where it was introduced ; and 
the adopting as a rule for the several charges, to fill a certain 
number of feet or inches of the hole bored, usually one- 
third of its depth, instead of employing given weights 
adapted to the lines of lectst resistance. 

The line of least resistance is that line by which the 
explosion of the powder will find the least opposition to its 
vent in the air. This need not necessarily oe the shortest 
line to the surface ; as, for instance, a long line in earth 
may, &om the same charge, afford less resistance than a 
shorter line in rock. 

Supposing the matter in which the explosion is to take 
place to be of uniform consistence in every direction, charges 
of powder to produce similar proportionate results ought to 
be as the cubes of the lines of least resistance, and not 
according to any fanciful depth of hole bored. 

Thus, if 4 ounces of powder would have a given effect 

* It is said that boring on a similar principle has been long used in 
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upon a solid piece of rock of 2 feet thick to the surface, it 
ought to require 13i ounces to produce the same effect upon 
a piece of similar rock 3 feet thick ; that is, 

Cube of 2-feet Charge of Cube of S-feet 

line of least powder line of least Charge 

resistance. in ounces. resistance. in ounces. 

as 8 is to 4 SO is 27 to 13i 

or, what is the same thing, half the cube of the line of least 
resistance expressed in feet, will, on this particular datum^ 
be the charge in ounces, as follows : — 

Lines of leiast resistance Charge of powder 

in feet. lb. oz. 

1 Oi* 

2 4 

3 13i 

4 2 

6 3 14i 

6 6 12 

7 10 Hi 

8 16 

These quantities being of common merchants' blasting 
powder, will be found adequate for any rock of ordinary 
tenacity; but a precise ^^^^.t^-t^-^tt^^w.-^^^^^^^ 

datum should be ascer- / " "^ 

tained by a few actual ^ 

experiments on the parti- f / .^ 

cular rock to be worked.f / > f 

Thus, with a 2-feet line / 
of least resistance (a to b, / 
fig. 1), whether 4 ounces ^' 
or 6 ounces, or 8 ounces, 
are requisite to produce a 
good effect; with 3-feet 
Ime of least resistance, -fs^. i.-<8«5tioiL) 

whether 13i ounces, or 18 ounces, or 27 ounces, &c, 

* To BO small a quantity as i ounce a little excess might be added, 
but ^ ounce, or \ oimce more, will be sufficient. 

f In the granite quarries of Kingstown (near Dublin) these charges 
were sufficient to open the rock where there were no fissures, apparent 
weakness, or other advantage ; but where the line of least resistance was 
not that of the hole bored, the effect was either to bring it down, or 
only to crack it, according to the quality of the powder used. 
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On the results of these triab a scale may be adopted for 
guide in the service. 

With regard to the first error above mentioned, that of 
leaving the action of the powder to be exerted in the direction 
of the hole bored, one consequence is that, with small 
charges, commonly a part of the explosion finds compara- 
tively easy vent by that opening (in spite of the best 
tamping), and is wasted ; and it is only the excess that acts 
in producing the effect required on the rock ; whereas, if the 
explosion were forced through another direction, the whole 
of its power would be exerted beneficially. But the great 
objection is, that the rock is then so much more firmly 
boimd all round the charge, as to oppose and lessen in a very 
great degree the extension of the enect of the explosion. 

It must be understood that, even although the line of 
least resistance should be in the direction of the hole bored, 
the depth of the hole will by no means be the measure by 
which the proportions of powder for the charge can be taken 
according to the above rule, namely, as the cubes of the lines 
of least resistance. 

1st, because the tamping, however good, or by whatever 
contrivance strengthened, cannot be equal in strength to the 
solid rock. 

2ndly and chiefly, because of the various proportions of 
the entire depth of the hole occupied by different charges of 
powder : thus, i ounce of powder will occupy an insignificant 
proportion of the depth of even 1 foot of a 1-inch hole, and 
aloo the 4 ounces for a 2-feet line of least resistance would 
fill only 2 inches of a 1-inch hole, and consequently occupy 
one-twelfbh of the 2 feet, and leave 1 foot 10 inches of 
tamping ; while the 13i ounces for a 3-feet line of least 
resistance would occupy of a 1-inch hole above 6 inches, that 
is, more than one-sixth, and leave only 2 feet 6 inches of 
tamoping, and consequently of resistance, such as it is. 

This might be remedied in one way, by applying holes 
of larger cuameters for increasing charges, out, by so doing, 
an increased amount of the less resisting medium (the 
tamping) would be the consequence, which again renders 
the calculation, founded on a resistance of solid rock, 
incorrect. 

There is another reason why the powder is ill applied 
when the explosion takes place in the same line as the bore, 
which is, that it is placed longitudinally with the line of least 
resistance, as at o, in fig. 2, and not perpendicular to it, as 
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it F ; whefi inucli extended, the elongated fonn in either if 
bad, but it is worst in the former case. 








i 
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When the common mode of blasting is adopted, a loud 
report is heard like a gun (louder in genei*al in proportion to 
the less useful effect produced), and fragments of stone are 
frequently thrown to a considerable distance; but when 
done judiciously, the report will be trifling, and the mass 
will be seen to be lifted, and thoroughly fractured, rent, or 
thrown over, without being forcibly projected. 

It is the irregularity and extent of the violent explosion 
following the ordinary process, that renders it so peculiarly 
difficult to form an accurate judgment on the proper charges 
for each circumstance ; the consequence is a practice purely 
empirical. The miner or quarryman will give as his rule 
either a proportionate depth of hole, or, aware how frequently 
that must prove erroneous, is driven to his usual answer, 
that he knows from the appearance of the situation, what to 
apply; that is, in fact, admitting that it is a matter of 
caprice, and provided a certain effect is produced, he is little 
aware how much time, powder, and labour, may have been 
wasted. 

It is difficult to make ordinary quarrymen, or even over- 
seers, understand correctlv the meaning of the lines of least 
resistance: after appearing tp comprehend it, they are 
frequently observed to confound it with the length of bole 
bored, or with some conceived necessary direction either 
vertical or horizontal. 

With respect to the second error mentioned, it can easily 
be shown how very erroneous must be the rule of measuring 
the charge by any given proportion of the depth of the hole. 
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feince tlie quantity of powder will in that case depend, not 
only on the depth, but also on its diameter y with which it 
can have no relation : thus, if a 6-feet hole is to be bored, it 
may be an act of chance or caprice whether a jumper of 
l^-inch gauge, or of 2 inches, op of 2i, were used ; whereas 
the third of the depth, or any given number of inches of the 
2-uich, would hold very nearly double the quantity of powder 
that would be contained in the l^-inch ; and of the 2i-inch, 
one half more than in the 2, and nearly three times as much 
as in the 1^. 

Such a rule also takes no account of the quality of the 
rock, which in reality will cause the greatest difference in 
the effect ; a given depth of hole being applied to hard or 
soft rock indiscriminately. 

Although some allowances may be made in extreme cases, 
yet it will be found in most books and papers on blasting 
rock, that a usual charge is one-third of the depth of the 
hole ; and the same will be found to be the actual prevalent 
practice. 

As to the experience by which it might be assumed, that 
the miners will modify this rule, and regulate the proper 
charges to give in each case, the value of such practice, 
unaided by better principles^ must be small, where the 
results are so indistinct. A loud explosion takes place, and 
the rock is more or less separated, but no proof whatever is 
afforded that the charge has been precisely, or even nearly, 
what it should have been ; and being regulated by no rule 
(for in this case of leaving it to the miner's judgment, the 
only rule is abandoned), the experience, to be valuable, 
should be of precisely similar cases, whereas in blasting they 
are constantly varying, in size and depth of hole, and in many 
other circumstances. K the rock were uniform, and the 
application of the charge always in similar holes and situa- 
tionsj a tolerable rule of thumb experience might perhaps be 
obtained ; but it is quite otherwise ; and among the circum- 
stances that must tend to perplex an ordinary miner 
workman, would be, that the true principle for charges is, as 
the cubes of the thickness of the resisting medium, but which 
he would certainly regulate by a much more gradual propor- 
tionate increase, such as doubling, trebling, or squaring at 
most. 

In order to quarry with good effect for saving labour and 
powder, an exposed front, either vertical or horizontal, should, 
if possible, be established on the rock on which to operatoi 

B 3 
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principally to obtain a line of least resistance in a different 
direction from that of the hole bored. 

Thus, if a charge of powder were 
placed at p, fig. 2, with a line of least 
resistance to b, the explosion would 
force its way through at b, shatter and 
loosen the whole mass at d, and make 
cracks to a great extent towards e; 
whereas if the hole had been bored 
direct from B to p, or as at c (as is 
usually practised by common quarry- 
men), the resistance being excessive in 
every direction, except in the direct 
line of the hole bored, it may be easily 
conceived that the same charge would 
produce far less effect. 

Or, to adopt a more practical illus- 
tration, suppose ledges of rock require 
to be cleared away to a certain level 
for a road, navigation, or other object ; 
instead of boring holes -h -h -h, the 
effect would be far better by inclined 
holes. A, B, 0, fig. 3, applied in suc- 
cession after the above-mentioned prin- 
ciple. 

Where there is a high face of rock, 
a system of undermining may be 
advantageously employed : thus a blast 
at A, fig. 4, would make an opening 
easy from c to d, and the mass e, 
if not shaken, which it probably would 
be, so as to be worked on witn crow- 
bars and wedges, would be brought 
down by very slight subsequent blasts. 

When the rock is stratified, and 
in close parallel beds and seams, the 
holes should be bored in the direction 
of the joints, and the powder laid 
along them as at a, fig. 5, which wUl 
have much more effect in lifting jarge 
masses than if placed across the grain, and the operation of 
boring will be easier. 

The worst situation for a charge of powder is in a 
re-entering angle, as at a, fig. 6: the rock exerts such 
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pressure all around it, that very little effect can be expected 
nor is the position much improved at b. 



/ 




Fig. 4.— (Section.) 



I 



■"^'^^^'ins^^Q 



^. 6.— (Section.) 
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This situation of a re-entering angle occurs voty frequently 
kcA should he avoided as much as possible. Tnus a charge 
may be lodged in a hole o, fig. 7, having the same length of 
line of least resistance as at other holes, a or b ; but the 
effect of the explosion vnll begreatlyreduced bythemasses ]),s, 




Flff. 7.— (Plan.) 

An important illus- 
tration of this disad- 
vantageous position for 
the charge vrill be ex- 
perienced in cutting 
through any narrow con- 
fined space A, B, c, D, 
fig. 8, either horizon- 
tally, as in the first drift, 
Or opening, all through > 

H tunnel, or vertically, *'^---^' ^M^^m 

as in sinking a shaft: -Ri?. 8,-(Section,) 

blasts at a, 5, or c, must be extremely ineffective. 

A projection, on the contrary, is the most favourable 
situation to produce the greatest effect with the smallest 




II _ B ^^ 



F^. S^Secttona,) 




means : a given quantity of powder, for instance, at a, fig. 9, 
would remove the mass b, b, a, o, and make partial cracks on 
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the side K, but the same quantity at j> would remoTC e, t, g, h, 
or nearly double the mass*. 

Oases, however, frecjuently occur requiring a deviation 
from what, under ordmary circumstances, would be the 
most favourable application of the charge, either owing to 
the quality of the rock, or where other objects are of more 
importance than the consumption of powder, or of labour in 
boring. 

The rock may require to be cut to a particular form, as, for 
instance, when preparing it to receive foundations of masonry ; 
or certain blocks of the stone may be required of particular 
forms or dimensions : an excess of powder may be applied to 
increase the shock for bringing down any loose mass in a 
peculiar state, or vice versd, smaller proportions may from 
circumstances be sufficient to produce as much effect as is 
required : these irregularities are very frequent, but it is noi 
the less necessary to understand the correct principles, and 
not to be carried away with the idea that the whole is a 
mystery. 

It may also be urged that there are cases where the 
system of working on a line of least resistance, different 
^om that of the hole bored, cannot be followed ; such, for 
instance, as in sinking a shaft, or cutting the first drift-way 
of a gallery or tunnel. 

TMs is very true, and must cause such operations to be 
peculiarly costly and slow; and though the rule above 
recommended for regulating the charges would be inappli- 
cable, still that of taking any proportionate depth of the 
hole would be quite erroneous. 

The system to be adopted in such instances should be 
to apply the mode of tamping that would give the greatest 
possible resistance, and to endeavour to obtain by trials the 
amount of charge by weight that will barely disturb such 
tamping ; in this way the full effect of the powder will act 
upon the rock, and where that is not very great, a second 
snot from the same hole will be sure to be very decisive. 

Among the cases not admitting of fixed rule, and where a 
great deal must depend upon the intelligence and experience 
of the directing quarryman, is that of irregularity of joints, 
or seams. 

* It will not have quite this effect, as the greater resistance on the 
side K, in the one case, will increase the effect towards o ; but that 
circumstance does not affect the general consideration of the principle 
here adverted to. 
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The following instance will explain this : — 
A hole, A, B, fig. 10, of 4 inches diameter and 16 feet 
deep, was bored to the back of a projecting mass of granite, 
and 6 feet above a natural slide joint, as shown in the plan 
and section. 




Flan. 



^^\^^. 



Fig. 10, 




Had there been no projection, nor any joint to afford an 
advantage, it would have required probably 182 lb. of powder 
to break through a resistance of 18 feet ; but as it was cir- 
cumstanced, between 35 and 36 lb. (occupying 7 feet of the 
hole) broke oft* and overturned an enormous mass c, cutting 
it down as shown by the dotted lines : the fragments of course 
were large, one piece containing 80 cubic yards ; and were 
very appropriate for cutting into ashlar of large dimensions. 

Another instance, tried at Dunmore East, near Waterford, 
may be given of the force of the action of powder, even in 
an open joint : the same experiment also incidentally serves 
to illustrate another object of inquiry. 

The rock was a very hard conglomerate, in fair parallel 
beds ; the surface was even ; the side H, H, fig. 11, had been 
already excavated ; there was a joint or bed, parallel to the 
surface, and 7 feet below it. A hole a, of 2 inches diameter 
and 6 feet deep, had been loaded with 1 lb. 14 oz. of powder, 
(15 inches), and made a straight crack o c, and to k, of 
14 feet long, and down to the bed. 
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JV* 11.— (PUm.) 



A trial was then made, whether openings mi^ht not be 
directed to particular lines : 13 plug holes were drilled along 
the line + -h -h 8 inches deep and 1 J inch diameter ; a 2 1 -inch 
hole was then bored at 5, to a depth of 6 feet 10 inches, and 
loaded with 4 lb. (2 feet) of powder : when fired, the line 
was opened very nearly alone the line of the plug-holes ; the 
separation did not exceed h^ an inch. 

The hole h was then cleared out, and loaded with 8 U). of 
powder, and the explosion sent the whole mass forward 
upwards of 2 feet without any new iracture; the cubic 
contents of the mass being 663 feet, weighing about 51 tons. 

In most extensive quarries of stone, much of the practice 
must depend upon the intelligence with which advantage is 
taken of the position and nature of the joints and fissures : 
still many errors toe committed from a want of knowledge of 
the best application of powder to a perfectly solid mass ; and 
in cases wnere the mass to be removed is small, or the 
openings to be made, confined, but little advantage can be 
gained by the joints, and the application should be chiefly to 
given charges for lines of least resistance. 

The advantage obtained by joints is one reason for rather 
reducing the calculated amount of charges, particularly in 
large explosions; because, although nothing that is not 
perceptible can well augment the force of resistance, fissures 
or joints that may not be seen on the surface may have the 
effect of reducing it. 

It would be of much advantage, in many cases, if the 
powder could be placed in a more compact form, than 
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occupying a considerable length of a hole of comparativelj 
small diameter : the position it must assume in these holes 
is generally unfavourable for producing the best effect, and 
in some cases renders it impossible to apply so large a 
charge as would be desirable; but no practical mode of 
enlarging the space at the bottom of the hole has yet been 
contrived, except perhaps by successive explosions from the 
same, as practised at Gibraltar.* 

It may be assumed that 1 lb. of powder loosely poured 
but not shaken or compressed, will occupy about 30 cubic 
inches ; a cubic foot weighs consequently aboot 67 i lb., 
although different quantities are given in different tables of 
specific gravity: ii close shaken, powder will go into a 
smaller compass. 

The following Table fipom Colonel Pasley's (now Major- 
Gen. Sir Chas. Pasley, K.C.B.) Memoranda on Mining wil) 
give the means of calculating the space occupied by aiv^ 
given quantity of powder in round holes of different sizes 
from 1 to 6 inches : — 



Diameter of 


Powder contained in 


Powder contained in 


Depth of hole to con- 


the holeu 


one inch of hole. 


one foot of hole. 


tain 1 lb. of powder. 


Inches. 


lb. oz. 


lb. oz. 


Inches. 


1 


0-419 


6-028 


88-197 


H 


0-942 


11-304 


16-976 


2 


1-676 


1 4-112 


9-549 


H 


2-618 


1 16-416 


6-112 


3 


3-77 


2 13-24 


4-244 


Si 


6-131 


3 13-672 


3-118 


4 


6-702 


6 0-424 


2-387 


^ 


8*482 


6 6-784 


1-886 


6 


10-472 


7 13-664 


1-628 


5i 


12-671 


9 8-062 


1-263 


6 


16-08 


11 4-96 


1-061 



In practice, the holes are somewhat irregular ; this table, 
however, will be sufficient to ascertain, nearly, the depth 
required for any charge. 

* In the Appendix will be found a memorandum by G^eral Burgoyne 
on the use, at Marseilles, of nitric acid for ihe purpose of enlarging the 
inner end of the hole ; and also a brief description of a patent obtained 
by the Baron Liebhaber for an apparatus for this purpose.— Ed. 
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Gunpowder used for the blasting of rock is notoriously 
of inferior strength to that sold for sporting, or manufactured 
by Government for the army and navy; and there is an 
impression (I believe nearly universal) that it is right that 
it should be so, not merely because pound for pound it is 
cheaper, but because it is thought to be positively better for 
the object, on account of its less rapid ignition, and assumed 
quality of giving what the miners call a heave. 

This opinion appears to be founded on a fallacy. 

Inferior powder ccmnot be used in war, or for sporting, 
without the disadvantage being immediately apparent; 
while in blasting it can be made to answer the purpose : 
this, with its comparative cheapness, has led, no doubt, to its 
being introduced and constancy made use of, without much 
investigation as to the policy of its employment in preferen/ja 
to a material of superior strength. 

The argument used in its favour is, that, by ignitm# 
slowly in comparison with the other, the power is mr.^o 
forcibly and efficiently applied for the required object, than 
by the rapid shock of the superior powder, such as is unde- 
niably requisite for impeUing projectiles. 

This reasoning would seem to imply that the rock will be 
opened better by a force oIl pressure than by that of a sudden 
shock or hhw; which, however, may be disputed, even 
supposing, what is probablj not the case, that the elastic 
vapour generated by either is the same. Rock being of a 
brittle nature, it is reasonable to suppose that the sudden 
violent shock would niake more extensive cracks, which is the 
great object, than a more slow action. 

The following are the observations I have been able to 
collect on this head ; and they tend to confirm the impression 
of the good policy of employing stronger powder for 
blasting, even at increased prices : more research, however, 
would be necessary to establish the fact entirely, and to fix 
the relative value of each gradation in quality. 

Having procured from great contractors and respectable 
dealers eleven samples of Merchants' blasting powder, stated 
to be that of the prmcipal manufacturers, they were analysed, 
proved with the eprouvette mortar and eprouvette gun, and 
compared by the bursting of shells : the results.^ill-b^..a^n 
in the annexed tables. /Jes^ !- ^ '^ ^ 

i UNTVi. : . t 



18 



QUARRYING AND BLASTING EOCKS. 






I 



I 






(J; 



O" 




ll 



If 

r 



I 



'saiduivB 
JO jdquin^j 




S-3 



•ii-a-ss! » ^. 



111 






©^ » a w [jr, 






0» O 0» CO »0 lO 0» 00 OO t« Ud 
CO C4 00 CO t« rH ^ CO CO rH CO 
pH iH iH r-l* rH iH rH <M 



^0400 rH ^CO<NCq 



•O O OOOOO OOOOO 

CO O O OOO O OOOO O 

OOpH pH rHrHiHr-lpH iHi-lr-lr-lr-l 



C^ C^i-lpH « «- 



5 »ft c? 



o^ iH'* Is* 

00 0OO9<M 



00 (N09 Ci <M 





00 ^ »0 CO t« 00 Ok O r-t 



qUARBTING AND BLASTING BOCKS. 19 

The best proportion of nitre (the most valuable ingredient) 
is 76 per cent. 

The ^prouvette mortar is 8 inches in diameter, and is 
charged with 2 ounces of the powder, and an iron ball of 
68i lbs. weight ; the Government good cannon powder gives 
an average range of 265 feet. The Government powder 
somewhat deteriorated, and reserved for blasting, gives a 
ranse of 240 feet. 

Tne ^prouvette gun is of brass ; its bore If inch in 
diameter and 27*6 inches long ; it weighs 86^ lbs., and is 
suspended from a frame : being charged with 2 oimces of the 
powder, without any shot or wadding, it is fired, and the 
extent of the recoil is measured bj an index on a graduated 
arc. 

The ^prouvette ffun is considered to be rather adapted to 
try the strength oi fine gravned powder than of the coarse ; 
the fine grained Government Kifle powder will give 25 or 
26 degrees ; the Qt>vemment good cannon powder 21 degrees; 
that tried at the same time with the aoove, 20*5. It is 
extremely probable that in many instances of these coarse 
grained qualities, and of the Merchants' powder, igniting 
slowly, much of the charges may have been thrown out from 
the gun in each case unignited, and perhaps in some degree 
from the mortar. 

Some discrepancies will be observed in nearly all proofs of 
gunpowder, but rarely to the extent that will be noticed in 
this Table : they show, however, how very unequal may be 
the qualities of the article as obtained at different times, from 
different dealers, and subject to a variety in their condition 
from modes and time of keeping ; and they also exhibit a 
very strong presumption of universal inferiority. 
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The comparative Btreneth by this mode of trial would seem 
to be about 9 parts of the GK)yemment, equal to 13 of the 
Merchants* powder. 

It is very difficult to obtain any verj precise results from 
trials on the rock itself: the efi^s vary so greatly under 
circumstances to all appearance precisely similar, that we are 
driven to reason very much from analogy ; and where the 
blasting is judiciously performed, the tamping but slightly, if 
at all removed, and the rock merely opened and not violently 
ejected, it certainly would appear reasonable that the powder 
showing such superiority of strength in the above-described 
experiments would be by far the most efficient in its action 
on the rock. 

A few trials that were made at Kingstown to elucidate the 
point seemed to prove the truth of this reasoning. 

Charges calculated cm the basis of i ounce for 1 foot, and 
augmented in proportion to the cubes of the lines of least 
resistance, were exploded in a high face of very solid rock ; 
and the result in every case was very marked in favour of the 
€k)vemment powder, even to the conviction of the miners 
present, who had previously expressed doubts on the subject. 

Although the Government powder was applied to the cases 
which seemed to present the fewest advantages, the effect was 
decidedly superior, to the extent of usually dislodging a mass 
of rock ; whereas the Merchants' powder in no instance did 
more tlmn make cracks and fissures. 

If the truth of this suggestion be acknowledged, the follow- 
ing advantages would attend the use of the superior powder. 

1. As smaller quantities would go farther, the stock for 
consumption would be easier to stow away and to carry. 

2. Q-reater effect would be produced with a smaller amount 
of labour, and, what is of more consequence in many cases, of 
time in boring holes. 

3. By occupying a smaller space in the bottom of a hole, 
an increased resistance in the tamping would be obtained by 
its greater proportionate extent. 

4. The (Jovemment powder, and the superior kind made 
for sporting, (the former in particular,) are much less subject 
to deterioration from keeping, than the ordinary blasting 

Eowder; this would effect a very desirable improvement, 
ut it is not an absolutely necessary consequence of their 
being stronger, because the best preserving powders are not 
always the strongest. 
According to Dr. Ure's Chemical Analysis, there is not 



22 qUABilTING AND BLA6TIN0 BOCKS. 

much difference between the mixtures of the Gk)Temment 
Waltham Abbey powder, and those of the first clas% of 
sporti/ng powder of the private manufacturers ; the Goyem- 
ment powder, however, resisted rather the best the hygro- 
metric influence, that is, would absorb less atmospheric 
moisture, and consequently be best for keeping. 

In the works carried on by the Eoyal Engineer depart- 
ment, the powder is usually from the Orckiance stores, 
sometimes being perfectly good, or even if deteriorated to 
the degree for its being appropriated to blasting, it is still 
much stronger than the Merchants' blasting powder. 

Fine grained powder made with very superior care, and at 
superior cost, is manufactured for the Bifle Service by 
Oovemment, and for shooting by private manu&cturers : 
but it would be too costly in proportion to its increased 
superiority, and some of its properties not being necessary 
for blasting, it is considered that the best cannon powder 
would be the most advantageous to employ. 

Blasting powder is sold by dealers in the country at from 
60«. to 76*. per 100 lbs. ; while nearly as good powder of this 
nature as can be made, such as the (^vernment cannon 
powder, might be sold hy the manufacturen at between 50t. 
and 60s. : supposing, therefore, that the cost, including the 
removal, the dealers^ expenses and profit, should be one 
quarter or one third more than at present, the question will 
be, considering the advantage of using this superior kind, 
and the proportion which the cost of the powder bears in 
the genend expenditure of blasting, how far, and under what 
circumstances, it might be desirable to incur that increased 
expense, making allowance at the same time for the smaller 
quantity that would be consumed. 

Founded on the sune reasoning of the advantage of more 
gradual ignition, and almost leac^g to the assumption that 
the blasting powder in its present state is even too good, is 
the assertion that will be found in all books on the subject, 
namely, that a mixture of fine and dry sawdust of elm or 
beech with the powder, in the proportion of i of sawdust for 
small charges, and i for large, wiU produce as good results 
as equal quantities of powder alone. 

It is not assumed that the effect is produced by any 
decomposition of the sawdust, but simply by giving a little 
more space, and by dividing the particles of the charge, 
causing them to ignito more gradually, and thus to act with 
greater force on the rock, than by the more sudden explosion* 
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No account is given of any defined experiments tending to 
prove this fact ; on the contrary, every trial affording positive 
results is against it : such a mixture has heen tried in guns, 
and produced no useful effect whatever ; and though of very 
simple application, it does not appear that in any place there 
has been a continued use of it. 

There is indeed a deception in the first instance in the 
supposed proportions ; for a mixture of two equal measures 
of the two ingredients, the sawdust being, as required, very 
fine and dry, and the powder of the usual large grain, wiU 
not fill above Ij- of the same measure ; consequently, two 
measures of the mixture will contain nearly | more powder 
than calculated upon : thus if two measures, each capable of 
containing 8 ounces of powder, be filled with the mixture 
of equal measured proportions, the quantity of powder will 
be nearer 9 ounces than the 8 calculated upon. 

Altogether I feel little doubt of the application of sawdust 
being of no real value. 

Another theoretical refinement, that is to be found in all 
works on blasting, is, that if a hollow space be left adjoining 
the charge, a much greater effect will be produced, provided 
always (and it is essential to bear it in mind) that the tamping 
be as substantial, and to as great extent, in the one case as in 
the other. 

Thus, in two holes of similar dimensions, the charge o, 
fig. 12, with a hollow space d over it, will produce as good an 
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effect with \ or \ the quantity, as at the full charge e fully 
tamped, provided the tamping B, from G to H, be as good and 
as deep as that at a. 

An increased effect will certainly be produced by such 
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hollow, in the same maimer as with guns which are jfrequently 
burst by the occurreijce of a hollow between the powaer and 
the shot, but there must be great reason to doubt its practical 
utility : no accounts are given of the well-defined result of 
actual experiment, nor are any rules attempted to be laid 
down for the extent of the hollow spaces in proportion to the 
quantity of powder in the charge, &c., to produce useful effect ; 
and yet these must be matters of consequence ; nor is it any- 
where stated that it has been ever practically continued to 
be used, notwithstanding the great saving of powder professed 
to arise from the adoption of this principle. 

In large charges, the space that could be left would be too 
small to produce any useful effect ; and in small charges, the 
more simple, quick, and cheap way, would be by using the 
full charge of powder. 

This and the sawdust are among the refinements adverted 
to in books (on this as on many other subjects), but seldom^ 
if ever, put in practice. 

Another mode of improving the power of the charges of 
powder has been employed, it is said, in America. It is the 
mixing of a quantity of quicklime in a proportion of about i 
with the powder, on the principle that it will absorb any little 
moisture in the powder, and itself produce some additional 
vapour in the explosion. It is stated, however, that it must 
be used soon after the ingredients are put together, it having 
been remarked that if left mixed for a whole night the powder 
was deteriorated, owing, as imagined, to the impurities of the 
saltpetre of which the powder was composed.* 

With reference to the quantities of powder to be employed 
in blasting, different systems are adopted. 

In quarries worked for large stones, and in great quantities, 
sometimes very large blasts are considered advantageous. 

In those near Kingstown, where the granite stones for 
ashlar work are squared by the contractors to from 40 to 60 
cubic feet each, 60, 60, and 70 lb. of powder were frequently 
exploded in a single blast, sometimes filling two-thirds of a 
hole of 4 or 3^ inches diameter, and perhaps 20 feet deep. 

* There are other reasons against this practice. The absorption ot 
water must be attended with the evolution of heat ; and it is highly 
probable that, under such circumstances, there would be a reaction 
between the sulphur and nitre, in the presence of so powerful a base, 
and the ultimate production of sulphate of lime. Whilst then, the 
simplicity of the operation is diminished, the powder is deteriorated ; 
Uid, if much moia.''ure be present, not without danger. 
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They have been applied generallj where a projection of 
considerable height or length, showing joints in largo 
features, offered a prospect of bringing down some enormous 
mass ; and in this way they were usually very successful. 

To give an instance of one : — 

The hole was 19 feet 7 inches in depth, and 5i inches 
diameter : the charge, 76 lb. of powder, filled 8 feet 10 inches 
of the hole, having consequently 10 feet 9 inches of tamping. 

The mass that was brought down, or thoroughly shaken 
and rent, measured, on a rough calculation, 1200 cubic yards, 
or 2400 tons. The cost was calculated at £6 15s. Sd,, thus ; 

2 men, 14 days, at 1». Sd. each £2 6 8 

1 ditto, 14 days, at 1«. 6d 110 

751b. powder 200 

Fuse • 020 

Smith's work, iron, steel, &c. 16 

£6 15 8 

Of course there was a great deal of after-work and small 
blasts required for the separation of the large masses of 
which this shaken rock consisted, and reducing it to manage^ 
able shapes and sizes ; but the work was greatly facilita^d 
by this first effect. 

At Gibraltar, the military miners tinder the Boyal 
Engineers work on quite a different system. 

The rock there is a peculiarly hard lime-stone marble : to 
bring down large masses, they bore their holes usually to 
about the depth of 9 feet with 2i-inch jumpers, and load 
them with about 4 lb. of powder ; the explosion has no 
apparent effect, but the rock is shaken below : the needle 
hole is cleared out, and the hole again filled, when it will 
take perhaps from 8 to 12 lbs., and is fired again ; a third 
charge, with perhaps 20 to 30 lb., is fired in the same 
manner, and sometimes a fourth, till the rock is very greatly 
separated and rent to the extent of 10, 20, or 30 feet ii 
different directions. If the needle hole or tamping be 
deranged before the final explosion, it is bored out and 
re-tamped. 

Under all ordinary circumstances I should much prefer the 
principle of this system to the other ; it is more gradual and 
systematic, would require less labour in boring, and is less 
subject to waste of powder, or the violent projecting of stones. 

fii some rocks it may be liable to one objection, which is, 
the chance of any of the preliminary explosions tapping 9 
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spring or vent for water into the hole ; no such springs are 
found at Gibraltar, but they are at Kingstown. 

K the holes should not be vertical, or nearljr so (which 
it seems they always are at Gibraltar), the tamping must be 
bored out at each explosion, to enable the next charge ot 
powder to be introduced. 

The prevailing fault in blasting is the using too much 
powder. 

If the tamping be not blown out by the smaller charges, 
a very useful effect will have been produced on the rock by 
every explosion, even although the rock be not apparently 
much affected ; the tamping will be easily bored out suffi- 
ciently to admit a fresh charge, which, being introduced and 
re-tamped, will be found to be very efficient. 

The object is generally to loosen and bring the rock down 
in large masses, and not to shatter it into fragments : even 
for small stone, such as for road metalling, &c,, it is better to 
bring out first large masses, and subsequently to divide them, 
either by small blasts with powder, or by crowbars and 



OP LOADING. 

The ordinary manner in quarries of loading and firing the 
holes that have been bored is, 

I. To dry out the bottom, if necessary, with little wisps of 
hay. 

II. To pour in the powder till it fills a certain number of 
feet or inches of the bottom of the hole. K the hole be 
vertical, or very nearly so, the powder will drop in pretty 
clear to the bottom ; but if it be on an inclination, and not 
very steep, the powder must be scraped down, professedly 
with a wooden ramrod, but frequently with an iron scraper. 
If the hole be horizontal, a scoop is used, which is open at 
top, and by being turned round at the end of the hole leaves 
the powder there. If the hole incline upwards, a cartridge 
is employed. 

III. A needle is then introduced, the point of which is 1 
veil into the charge of powder, and the top with a handle or 
eye extending to the outside of the hole. 

lY. A little wadding, either hay, or straw, or turf, is 
inserted over the powder. 

V. The tamping over the wad is very generally of the 
small fragments of the quarry stone and its dust (unless 
there be in it flint or other substance that notoriously strikes 
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fire, in whicb case broken brick is commonly used), rammed 
down, by one or two inches av a time, by means of an iron 
rod or tamping-bar; the needle is frequently turned to 
prevent its becoming fixed. 

VI. The last inch or two is filled with damp clay. 

VII. The needle is carefully pulled out, and the opening 
it has left is filled with loose fine-grained powder ; or with a 
long series of connected straws filled with powder, into the 
upper end of which is inserted a small piece of touch-paper 
that wiU bum about half a minute, which is lighted and 
communicates the fire. 

The touch-paper is made by the quarrymen themselves, by 
soaking coarse paper in a strong solution of saltpetre or 
gunpowder, and then drying it. 

The following is an expressive account of the process, as 
written by a quarryman of much experience : — 

"The method of blasting is in every place nearly the 
same, as far as I have been able to make observations, and I 
have had charge of such work in Scotland, England, Wales, 
America, and, lastiy, in Ireland. Different quarrymen may, 
it is true, not agree in everything ; for instance, some prefer 
a small piece of dry turf for a wad over the powder before 
they commence ramming ; others prefer hay or straw ; but 
in ramming every one uses the same kind of stufij that is, 
small pieces of any stone (that has no fiint in it) that 
will go into the dnU hole ; but, in deep holes, ramming sand 
will do as well as anything. 

" The usual method of blasting is very simple, and is as 
follows : first, to drill the hole, say 3 feet deep, 1 J-inch bore ; 
in common cases, 6 inches powder will be sufficient in the 
bottom ; then in with your needle, then your wad of turf or 
hay, Ac. ; then two or three blows with your rammer, and 
then in with a handful of small stones ; four or five blows 
more of your rammer ; and so on till you fill up the vacuity 
above the powder within 1 inch of the top ; then fill said 
1 inch with a bit of moist clay (not too wet), and then 
extract your needle ; lastly, fill up the needle hole with fine 
powder, or, what is safer, put down straws filled with powder, 
and apply your match, to which set fire, and run as fast as 
you can, and you- have the whole of it.'* 

Nothing can be more, 1st, uncertain, — 2nd, wasteful, — 3rd, 
dangerous. — 4ith, unscientific, than the whole of this process. 

1st. Missing fire occurs frequently, — some obstruction 
will arise in the needle hole ; ftn:r moisture in the hole, or 

o i 



28 QUARRYING AND BLASTING ROCKS. 

wetness in the atmosphere, will affect so small a quantity of 
powder as composes the train ; loose powder for the train 
cannot be introduced into any but such as are vertical or 
very steep, and straws of any length are not easily passed 
through to the charge. All these and other circumstances 
must create much uncertainty. 

2nd. To say nothing of the guess-work in the proportion 
of the charge, there must be much waste in the manner of 
introducing the powder, and in the occasional missing fire. 

3rd. With regard to the danger, it manifestly pervades 
every step from the first handling of the powder. 

4th. No rule is adopted for the charge, nor for the size of 
the holes, nor for the depth of tamping; no knowledge 
acquired of the best material and mode of tamping, nor any 
contrivances for accelerating and simplifying the process, or 
reducing its danger. 

To obviate in some degree these defects, the following 
proceedings have been adopted with success : 

To aUot every charge by weight, according to a scale 
adapted to lines of least resistance, or to the circumstances 
of the case. 

The overseer (or, if the work be sufficiently considerable, 
an express powderman) to have on the spot a strong copper 
canister containing from 3 or 4, to 10 or 12 lb. of powder, 
with a large mouth or opening, but thoroughly secured by a 
well-fitted cover from spilliug, accident, or weather, and with 
a lock and key. 

He should have a set of marked copper measures that will 
contain, when full, just 1 lb., 4 ounces, and 1 ounce of 
powder, respectively ;* a copper cylindrical tube of 3 feet, or 
8 feet 6 inches long, by } inch diameter from out to out ; a 
set of three tubes of about an mch in diameter, 3 feet long 
each, with joints, so as to be screwed at pleasure into one 
length of 6 or 9 feet, or with more joints if deeper holes are 
employed, and so constructed that when together the interior 
should form one smooth surface : a copper funnel, the bowl 
large enough to contain about 1 lb. of powder, and the neck 
2 inches long, by somewhat less than { inch diameter; 
together with some coils of Bickford's patent fuse. 

By means of the measures, the tubes, and the funnel, any 

• Where the hlastmg is constant, and the charges vary hut little, such 
AS in sinking shafts, driving galleries, &a, it might be found convenient 
to have charges of the most usual quantities prepared previously is 
papers, cartridges, or perhaps even in little boxes or chargers. 
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specific cnarge of powder may be lodged clear to the bottom 
of any hole ; and if horizontal, or nearly so, by pushing it in 
through the tubes with a wooden stick or ramrod.* 

One end of a piece of the patent faae is inserted well into 
the powder, the other end cut off about an inch beyond the 
outside of the hole ; a little wadding is then pressed down 
over the powder with the tamping-bar, and upon that the 
tamping m the usual manner (but with a f>roper material) 
to the top, without any necessity for the moist clay. 

Most of the accidents that occur to miners arise from the 
first blows of the tamping-bar over the charge ; to obviate 
this, the first 2 or 3 inches of the tamping should be merely 
pressed down gently over the wadding, and then the hard 
ramming commenced over that : this cannot injure the efiect 
of the explosion, as it is generally acknowledged that a small 
vacant space about the powder tends, if anything, to increase 
its power. 

If the tamping-bar be tipped with brass, it will add more 
security, and at very little increased expense. 

The outer end of the fuse is then lighted ; there is neither 
difficulty, loss of time, nor extra cost or labour, by using 
these precautions, and obtaining all the consequent advan- 
tages ; they should therefore never be neglected. 

Whenever blasting is to be performed on an extensive 
scale within a limitea space, it will be quite worth while to 
ascertain by a few experiments the value of the different 
ingredients that are to be used, or matter to be acted upon in 
the particular locality, as weU as the best modes of appljdng 
them ; such as the strength of the powder, the tenacity of 
the rock, the value of the tamping material, &c : it is clear 
that, by proportioning these lusfly, so as to obtain the 
greatest effect with the smallest means, much time and 
expense may be spared. 

OP THE TRAIN AND PIRINO. 

The inconveniences and loss of time attending the ordinary 
mode of laying the trains for firing the charge in blasting holes 
have been mentioned above. 

It is the very worst contrived part of the whole operation 

* It affords one very imporf-Ant medium of securitv against accidents 
to deposit the powder quite clear to the bottom of the hole by means 
of these tubes, instead of allowing grains to hang on the sides, as they 
roust do when it is poured in in the ordinary manner, particularly in 
holes that are inclined, where it is easy to conceive that a regiUar tram 
maj sometimes be left from top to bottom. 
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of blasting ; but fortunately a most valuable improvement 
has been made of late years by the invention of Bickford'a 
patent safety fuse.* 

The use of this article is extremely simple ; it is efficient 
in damp situations, and even under water, by using the 
quality prepared expressly for that object; a miss-fire is 
scarcely ever experienced, unless there be great carelessness, 
and it is a very great protection against accidents. 

Whenever accidents have occurred (which are extremely 
rare), they have been traced to circumstances which could 
not be affected by the fuse ; namely, to the first applications 
of the tamping-bar over the powder. 

So large an opening for the escape of the powder is not 
created by the fuse-hole as by the needle ;t and, taking every- 
thing into consideration, it is calculated that the use of the 
fuse is cheaper than the .ordinary priming, even if the very 
trifling cost, or at least difference of either, could be deemed 
of importance. 

SAFETY FUSE. 

At Kingstown Harbour it was employed constantly in 
working with a diving bell in blasting rock for foundations 
in from 20 to 30 feet depth of water, and with complete 
success. 

The following account of the great value of this invention 
is from a Paper by B. Mullins, Esq., an intelligent member 
of the firm who have the contract for the Kingstown 
Harbour works : — 

" Eock- blasting operations have been for many years, and 
are now, carried on extensively by my firm, feickford's 
safety fuse has been invariably used in those operations since 

* This patent was granted on the 6th September, 1831, to W. Bickford, 
of Tucking Mill, Cornwall, for " an instrument for igniting gunpowder 
when used for blasting rocks, ^K^ch he denominates the ' Miners' Safety 
Fuse.* ** This fuse was therein described to be a cylinder of gunpowder 
or other explosive compound, inclosed within a hempen cord, which is 
first twisted and afterwards overlaid with another cord to strengthen 
the casing th\is formed, then varnished to preserve the contents from 
injury by moisture, and finally covered with whiting, or other suitable 
matter, to prevent the varnish from adhering. — [Ed.] 

t In firing very small charges, the opening made by the needle or fuse- 
hole tends very much to reduce the effect. In the tamping experiments 
it will be observed that, of clay, and other compact tamping, portions of 
the top were frequently carried away ; in all these and other partial 
removals of tamping it was observed that the principal openings were 
always on the side where the fuse had been. 
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the Bummer of 1833. It has our entire approval, as being 
more certain in its effects, less hazardous in its application, 
and ultimatelj cheaper, althoi^h not apparently so, than 

§ riming in the ordinary mode. From the period oi its intro- 
uction up to the present time, we have not had an accident 
in any of our works from blasting, although within that 
period 73,600 lb. of powder have been consumed, and labour 
equal to that of 288,719 days of one man expended : nor 
had we more than two or three cases of miss-fire that I can 
recollect, and those were caused by want of caution in using 
improper tamping material, haying stones in it which cut 
the fuse and severed the train. We have used of it in the 
interval 167,822 lineal feet. 

'*The cost of 167,322 feet of the fuse was 304Z. 7«. 9d^ 
while that of the actual quantity of powder required for the 
same amount of priming, namely, 35 barrels, would be 105/., 
besides the labour of the application of the latter." 

Then follows a comparison between the old system of 
loading and firing, and the mode with the fuse. 

After describing in detail the old practice (that, indeed,, 
still used in most places), the statement continues thus : 

** In the application of the fuse the charge may be lodged, 
at any required depth in the rock. We lately drove a hole 
with a 5-inch gauge 20i feet horizontally into the face of the 
cliff at Dalkey, and charged it with 85 lb. of powder, by 
which we released 2000 tons of solid rock, a quantity far 
exceeding what could be displaced by vertical or oblique 
bores. Straw tubes could hardly be made of so great 
lengths, and, were it practicable, there is so great a loss of 
time, and so much uncertainty in using them in horizontal 
holes of much less depth, that they bear no comparison in 
facility of use to the fuse, which enectually supersedes the 
tedious and hazardous employment of the needle, and is a 
perfect preventive against premature explosion or miss-fire, 
wherein the old methods are particularly defective. 

" It has this further advantage, that any number of shots 
may be simultaneously fired, whilst with the straw-tubes and 
match-paper not more than three, with a probable chance of 
escape to the men employed. 

" In wet quarries the fuse is quite as effective as in dry : 
where wet joints are met with in boring, which frequently 
happens, the holes fill with water, and must necessarily, by 
the old methods, before being charged, be rendered perfectly 
dry ; this is accomplished by wrapping coarse tow or mop 
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thrums round tbe end of a stick, and mopping out the water * 
the finest argillaceous clay is then kneaded into a paste, and 
frorked constantly upwards and downwards by the tamper 
struck with the hammer, and continued until the blaster ifi 
satisfied of having staunched the leaky joints in the hole ; 
this beiQg done, the hole is then cleared out with an iroD 
scraper, made dry, and charged ; and, after all this labour, 
success is doubtful. A man often spends half a day drying, 
tamping, and charging a hole in this way to no purpose, the 
powder having got wet. 

" In these cases the fuse furnishes an effectual remedy ; a 
waterproof bag containing the powder, and having a sufficient 
length of fuse closely tied in its mouth, is pushed home to 
the bottom of the hole, which is then tamped and fired with 
as much certaiuty and effect as in dry work. 

" Blasting in deep water by means of the diving bell is 
rendered comparatively easy by the use of the fuse, as com- 

i)ared with the tedious, costiy, and ineffective process hereto- 
bre practised. 

" In the old way, the charge was lodged in a tin canister 
in the bored rock ; in this canister a small tube was fixed, 
and raised joint after joint, until the bell was elevated above 
the water's surface ; then a small piece of iron made red hot 
was thrown into the tube to fire the charge in the canister, 
"What the effect produced may have been, I cannot say of my 
own knowledge, not having seen those operations ; but I 
have been informed that, except in insulated rocks, it was of 
little use. The canister and the joint of the tube adjoining 
were blown to pieces, and most of the joints more remote 
were flattened by the collapse of the water, so that new 
canisters and tubes were necessary for every shot. 

" The fuse employed in blasting under water is somewhat 
different, and more expensive than the other, and is called 
sump-fuse; it is used in the following manner : 

" A waterproof charger or bag, containing the powder with 
a piece of fuse 5 or 6 feet long closely tied in its mouth, is 
dipped in boiling pitch * to secure the orifice from wet ; the 
charge is then put into the bore-hole, which is tamped with 
sand, or the fine chippings of the stone-cutter's waste, and 
the fuse, the upper end of which is retained in the diving 

* A perfect waterproof compositioii for thib pnrpose is made of 
8 parts by weight, pitch, 1 

1 do. do. bees'-waz, V melted together, but not boiled* 

\ do. do. tallow, J 
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bell, being set fire to, is tbrust out under its edge into the 
water : the bell is then, by signal, removed 8 or 10 feet out 
of the way ; the fuse bums through the water, and explosion 
follows ; the proximity of the bell to the blasted rock, with- 
out endangering the workmen, enables them to resume their 
operations with little or no delay. 

" In founding the Commercial Wharf wall (a considerable 
part on rock) in 22 feet water at low water of spring-tides 
and in clearing for abutment for setting frame for the eastern 
pier head in 28 feet at low water (the rise of tide 12 feet) 
we pursued the method above described with success. 

" Having obtained a list of all the men who had been 
killed, or badly wounded, by the old methods of blasting at 
the quarries for the Kingstown Harbour works, previous to 
the use of the fuse, I annex it." 

The list referred to of accidents under previous contracts, 
for the first 15 years, contains the names of 30 individuals, 
two of whom were twice injured, making 32 casualties, con- 
sequently more than 2 per year ; it includes 7 kiUed, 4 loss of 
one eye, 1 loss of both eyes, and 20 injuries ; while, during 
the 8 years of the present contract, there has been but one 
man injured, and that before the fuse was introduced. 

In order to test the extent of applicability of this composi- 
tion for blasting under water, pieces of the quality prepared 
for it (called sump-fuse), which is somewhat thicker than the 
ordinary kind, being about -j3g. of an inch thick, were kept 
immersed (except the upper ends) for different periods up to 
upwards of 16 hoiurs, and were then found to bum throughout 
with their ordinary force; no trial was made beyond that time. 

Pieces 25 feet long (their usual dimension), having one 
end inserted into a few ounces of powder inclosed in a water- 
proof bag, were tied to long chains ; the powder-bag wag 
lowered into the water by a weight, and, the other end of the 
fuse being lighted from a boat, the whole was lowered again 
until the weight touched the bottom in 39 feet depth, and 
each time burned through and exploded the powder in 13 or 
14 minutes. In order to get a greater length, an extra kind 
was procured in 51 feet and 52 feet lengths ; it was apparently 
expressly made, and thicker than the other, being about | of 
an inch in diameter. 

This succeeded perfectly in every case ; but, being provided 
for the purpose, it was not considered so satisfactory a trials 
and appears to be unnecessary, considering the efficiency of 
that usually sold. 

c 3 
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The common fuse (that not prepared for water) was tned, 
and on some occasions, when Hghted very soon after being 
immersed, would bum through many feet under water, bul 
frequently only a short distance ; it is manifestly not adapted 
for water (and not assumed to be so), but it is perfectly 
efficient in damp situations, if fired without much delay. 

There is one great merit in this fuse, namely, that the 
improvement is gained without the least sacrifice of simpli 
city ; on the contrary, it is much easier to apply than any 
other process. 

The only inconvenience attending its use, of which I am 
aware, is the length of time it takes to bum any but shori 
pieces. 

It bums at the rate of from 2 to 3 feet per minute ; and 
as a minute usually affords ample time for the person firing 
to remove to a sidQ&cient distance, there is a delay and an 
impatience created in watching the longer terms, particularly 
when it amounts to 3 or 4 minutes, or more.* 

This lengthened time of burning would quite preclude itp 
use for many military mines, where the explosion must take 
place at a particular instant. 

In blastmg under water, as it can only be lighted in the 
bell, or at the surface if the bell be not used in firing and 
the water deep, the time consumed in burning the fiise would 
be very inconvenient. 

FIRING BY A VOLTAIC BATTERY. 

Charges of powder have been fired under ground, as well 
as under water, and to considerable distances, by the voltaic 
battery. 

It is to be presumed, however, that the distinct machinery 
for this purpose, the expense, and probably some degree of 
nicety in its arrangements, even after all the improvements 
that have been made at Chatham by Colonel Fasley, would 
render it inapplicable to ordinary purposes; although for 
firing very large quantities of powder, under very peculiar 
circumstances, it has been considered very useful. The 
tamping by this mode would be much more complete 
and substantial, having only two thin wires through it ; and 
by the very instantaneous effect produced, even at vary- 
ing distances, simultaneous explosions, that are impossible 

* The fuse bums slower through a tamping of loose sand than through 
E tougb material well rammed, but it is not extinguished by it. 



qUAREYING AND BLASTING KOCKS. 35 

by any other means, might be effected by this mode of 
ignition.* 

MODE OF LIGHTING A TEAIN IN SHAFTS. 

Under many circumstances the manner adopted for lighting 
a train is a matter of some consequence. 

At the bottom of deep shafts, or of long small galleries 
where there is no shelter for the man "who applies the light, 
the touch-paper, GTerman tinder, or match of whatever kind, 
must afford time for him to get completely out of the way. 
It is attended with some difficulty to secure that object, 
without wasting time in doing so, by allowing too long an 
interval ; but the latter must be the usual, as the only safe 
alternative. 

The safety fuse has an advantage in this respect, as its 
period of burning can be more regularly calculated than that 
of any other match usually resorted to. 

A Erench engineer has proposed and employed a manner 
of remedying this inconvenience, as far as regards blasting 
in a shaft, which would appear to be useful where the safety 
fuse is not employed. 

One end of a wire is fixed temporarily into a little powder 
connected with the train, the other end in a coil being at the 
surface of the ground. 

The wire is carefully straightened up the shaft from bjij 
sharp twists or bends ; a piece of German tinder is passed 
round it, forming a very loose ring, and, being lighted, is let 
go, and drops down on the powder. 

The wire may of course be constantly suspended to the 
side of the shaft, and fixed and applied from time to time as 
wanted, being lengthened from the coil above as occasion 
requires. 

To facilitate the descent, if necessary, a small weight 
might be easily added, to the under part of which the lighted 
match could be fixed. 

MEANS FOE PEBTENTING SMALL STONES FLTINO ABOUT IN 
BLASTING. 

A great loss of time and labour is experienced in quarries 
and other confined situations, arising from the necessity for 

♦ In the Appendix ia given a brief account of the successful applioa* 
tion of the Toltaic firing in removing the Bound Down Cliff, at Dover 
for the works of the South-Eastera Railway.— [Ed.] 
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tho workmen to retire to a distance at every blast ; not only 
those engaged in the precise operation, but all others who 
can be at all supposed to be within reach of its effects. 

This is a greater evil than what is perhaps commonly 
thought. 

I have myself been in a great quarry, and in the course of 
half -an hour seen 20 or 30 men, at given signals, retire two 
or three times from five or six different parts at which they 
were at work, to which they went leisurely back again after 
each explosion or ascertained miss-fire. 

There is another occasion where the necessary retiring of 
the miner from the effect of a blast is attended with peculiar 
inconvenience ; that is, from the bottom of a shaft, in which 
case he has to be drawn up to the top. 

When a better mode of applving the charge shall be 
generally understood, there will be fewer occasions of the 
projection of stones, but there must always be some ; any 
femedy for this waste of time, therefore, must be very 
valuable. 

QITABRT SHIELDS. 

In some quarries in the neighbourhood of Glasgow they 
are in the habit of frequently applying a piece of old boiler 
iron, of about 2 feet 6 inches square and i inch thick, over 
the hole when fired, which acts as a shield, and, in small 
blasts, so far prevents any flying about of loose stones, that 
the men take much less precaution in moving out of the way 
on those occasions than when it is not used. 

As they have horizontal as well as vertical faces to work 
on, the shield is suspended over the horizontal holes, and 
laid flat over those that are vertical ; in the latter case a 
large stone or two, if at hand, is frequently placed upon it. 

This application might be very useful under particular 
circumstances of blasting ; for instance, where the blasts are 
generally small, and in confined sitiiations. In a shaft, 
where the holes will be all probably vertical, or nearly so, 
and the blasts not large, a good shield could be placed over 
every hole, and weighted either with stones, or with one or 
two half-hundred weights, kept in the shaft for the purpose. 
On trial at the particular place, this might be found to give 
such certain security, that the miners would not require to 
be removed more than a very short way above, either by the 
bucket, or by a ladder, which would lead to a very great 
saving of time, labour, and exDense. 
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ON TAMPING. 

The desideratum in tamping is to obtam the greatest 
possible resistance over the charge of powder ; if it could be 
made as strong as the rock itself it would be perfection. 

If 12 inches of one species of tamping will afford as much 
resistance as 18 inches of another^ the question will be — Does 
the former, in the application, requi'*e as much more time 
and expense as the operation of boring the additional 6 inches 
of hole ? If not, it will, under most cu'cumstances, be better 
in the relative proportion of that expenditure. 

"Where other qualities are equal, that which can be applied 
in the least space of time will be far preferable, parfciciJarly 
in such operations as sinking shafts, driving long nar^oT^ 
galleries or driftways, and other situations where the progress 
is necessarily slow. 

Different materials are employed for tamping ; — 

I. The chips and dust of the quarry itself. This is what 
is most commonly used, unless there be flint or other stone 
in it that notoriouslv strikes fire. 

II. Sand poiu^ed in loose, or stirred up as it is poured in, 
to make it more compact. This is an approved material in 
many places, and is recommended to be very fine and dry. 

III. Clay, well dried, either by exposure to the sun, or 
what is more certain and more rapid, oy a fire. 

Wherever blasting is going on, there must be smiths' forges 
at work : the clay is formed by the hand into rolls of about 2 
inches in diameter, and readily dried by the smiths' fires. 

In the course of some experiments, clay was used that was 
in a state of powder, owing to its having been dried a long 
time previous, and was not thought so good as when applied 
in a state just caked enough to remain in lump. 

IV. Broken brick is an approved material in some 
localities, as being less liable to accidents by striking fire 
than chips of stone. 

It is used in small pieces and dust, and is improved by 
being slightly moistened with water during the ramming. 

Vegetable earth, or any small rubbish, is sometimes applied 
instead of the stone chips, when the latter are considered 
dangerous. Such are the simple ingredients used in 
tamping; that is exclusive of the aadition of any mechanical 
contrivance : of these, the most essential to analyse is the 
application of sand, since its use has been by many strongly 
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recommended, and, if efficacious, would be most convenient, 
on account of the rapidity and security with which it can be 
applied. 

in Cachin's M^moire but la Digue de Cherbourg, printed 
in 1820, (a most interesting work as regards the construction 
of breakwaters,) it is thus stated in a note : — 

" In blasting rock at Cherbourg, the use of the needle, 
and well-rammed tamping, has been long abandoned. 

" The priming is in the usual manner, by straws, and the 
tamping is of very fine dry sand, poured in. 

"It has been proved by long experience that the effect of 
the explosion is as great by this method as by the more 
laborious tamping in the usual manner." 

And in the Journal of the Franklin Institute (United 
States) for July and August, 1836, after quoting a variety of 
experiments on the resistance of sand to motion through 
tubes, made as well in France as in America, and facts 
regarding the bursting of musket barrels, &c., by charges of 
sand over the powder, the conclusion come to is, that, 

" Experience proves that the resistance offered by sand is 
quite sufficient K)r blasting rocks, and it is less troublesome, 
and more safe, than the usual mode." 

It is added, that, 

" To ensure success, the space left above the powder should 
have a length of ten or twelve times as great as the diameter 
of the hole." 

G-eneral Fasley, on the contrary, asserts that sand as an 
ingredient for tamping was found at Chatham to be utterly 
valueless ; but acknowledges that the opportunities there of 
blasting were few and on a very small scale. Many other 
officers of the British Engineers have been long under the 
same impression. 

It does not appear that any of these opinions have been 
formed upon any more precise experiments than the sensible 
effect upon stones or rock with the usual charges ; and as 
these effects are very different under circumstances that are 
apparently similar, and as they might vary with different 
proportions of the powder and ingredients used, advantage 
was taken of the opportunity afforded by the works carrying 
on at Kingstown Harbour, near Dublin, to try a few experi- 
ments that should be somewhat more definite. 

The principle which it was thought would be most con- 
clusive was, not to form a judgment by the effect produced on 
the rock, but to endeavour, S possible, to obtain a charge of 
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powder that should in each case just blow out, or sensibly 
affect, the tamping ; and a comparison of the charges to 
produce that effect would afford a strong proof of the relative 
value of the different systems ; thus — 

If it should be shown (as will be found in the following 
table of experiments) that i of an ounce of powder would 
blow out the sand tamping which filled a hole of 1 inch 
diameter and 2 feet deep, while 3 ounces in a similar hole 
would not disturb a well-rammed clay tamping, it afforded a 
perfect confirmation of General Pasley's statement, that the 
sand was good for nothing, as fEur as the use of it on that 
scale went. 

The experiments detailed in the following Tables were 
made in granite rock, and, as fEur as could be judged, where 
it was firm and without fissures. 

The charges were of ordinary merchants' blasting powder, 
procured from the contractors. 

The sand was sharp or gritty, quite diy, and simply poured 
in over the powder, with a little wad of hay intervening. It 
was &om the sea-shore, and of different qualities. 

The finest was a clean running 
sand, fine enough nearly for an hour- 
glass, and weighed . . . . 65 lb. per cube foot. 

The second quality, a middling 
gritty sand, and weighed . . 93 lb. „ 

The third, werj coarse, or rather 
very fine sea shmgle, the particles 
being from the size of a pin's head to 
that of a pea, and weighed . . 98 lb. „ 

The clay had been dried at the fire of a smith's forge, and 
was weU rammed down in the usual manner. 
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UxperimerUs to try the Comparative Value of Sand and Clay 
for Tampifiy, 

F Sand, fine. M Sand, middling. C Sand, coarse. 



No. of 


Depth 


Diame- 


Charge 


Descrip 
tion of 




experi- 


of 


ter of 


of 


Eflbct and Remarks. 


ments. 


hole. 


hole. 


powder. 


tamping 




No. 


feet 


inches. 


lb. 


OZ. 






1 


9 


1 





2 


Clay. 


J inch of top of tamping re- 












moved — rock fractured. 


2 


2 







2 


do. 


Tamping remained — ^rock stnr- 
fractured. 


3 


2 







2 


do. 


8^ inches of tamping removed 
— rock fractured. 


4 


2 







2 


do. 


Tamping remained— rock frac- 
tured. 
Portions of tamping adhered to 


5 


2 


1 





8 


do. 














sides of the hole— a mass of 














rock blown off. 


6 


2 







3 


do. 


Tamping all remained — ^rock 
fractured. 


7 


2 







3 


do. 


If inch of tamping removed 
— ^rock fractured. 


8 


2 







8 


do. 


Tamping remained entire- 
rock fractured. 


9 


2 







4 


do. 


5i inches of tamping removed 
— rock fractured. 














10 


2 







4 


do. 


2 inches of tamping removed 
— rock star-fractured. 


11 


2 







2 


Sajid. 


Tamping entirely blown out — 
rock uniiyured. 


12 


2 







1 


do. 


do. do. 


18 


2 







1 


do. 


do. do. 


14 


2 







OJ 



do. 


do. do. 


15 


2 







do. 


do. do. 


16 


2 







0: 


do. 


do. do. 

This was repeated three times* 
with the same effect 

N.B. — ^By the ordinary miners* 
rule of allowing ^ depth of 
hole for the chaise, one of 
2 feet deep by 1 inch diame- 
ter would require 3^ oimces. 


17 


4 


H 





6 


Clay. 


1 foot 8-inches of top of tamp- 
ing removed — rock fractured. 


18 


4 


H 





6 


Sand. 


Tamping blown clean out — no 

fracture. 
N.B.— Inhole4-feet by li inch, 

i of depth will contain 15 oz. 

of powder. 


19 


6 


2 





8 


MSand 


Tamping blown out, no frac- 












ture. 
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No. of 


Depth 


Diame- 


Charge 


Descrip- 
tion of 




experi- 


of 


ter of 


of 


Effect and Remarko. 


ments. 


hole. 


hole. 


powder. 


tamping 




No. 


feet 


inches. 


lb. oz. 






20 


6 


2 


8 


CSand. 


4 ft. 7 inches of tamping blown 
out, below wbioli was a bard 
crust of about 4 inches thick, 
and m the cavity below tliere 
remained 8 or 9 inches of the 
sand, mixed with burnt pow- 
der — no fracture in the rock. 


21 


6 


2 


10 


Caay. 


injured. 


22 


6 


2 


10 


Sand. 


1 inch of top of sand removed 
—rock fractured. 


23 


6 


2 


10 


Mdo. 


Tamping blown out— no frac- 
ture in rock. 


24 


6 


2 


12 


Clay. 


2 inches of tamping removed 
— rock fractured. 


25 


6 


2 


12 


Sand, 


2 ft. 4 inches of sand removed. 


26 


6 


2 


12 


Mdo. 


Tamping all blown out— no 
fracture. 
1 in. removed — rock fiuctured. 


27 


6 


2 


14 


caay. 


28 


6 


2 


14 


Sand. 


7 inches removed — ^rock frac- 
tured. 


29 


6 


2 


1 


Clay. 


Tamping unmoved — ^rock frac- 
tm*ed thoroughly. 


30 


6 


2 


1 


Sand. 


Tamping blown out — rock 
fractured thoroughly. 


31 


6 


2 


1 


Cdo. 


Tamping unmoved — rock lifted 
— the explosion probably es- 
caped through the joints. 


32 


6 


2 


1 4 


Cdo. 


Tamping blown out — rock 
stai>fitlctured. 


33 


6 


2 


1 8 


Cdo. 


Blown out, rock slightly cracked 


34 


6 


2 


1 8 


Cdo. 


Tamping blown out — rock 
shaken, joints opened. 


85 


6 


2 


1 8 


Cdo. 


Tamping blown out-no fiucture. 


86 


6 


2 


1 8 


Cdo. 


4 feet 1 inch blown out, then 
3 inches of loose sand, and 
below that a hard crust — ^no 
fracture of rock. 


87 


6 


2 


1 8 


Clay. 


Tamping unmoved — rock 

cracked. 
N.B.— In hole 6 ft. by 2 mches, 






















} of depth will contain 2 lb. 


1 










8 ounces of powder. 


! 38 

1 


9 


2 


6 


MSand 


7 feet 10 inches blown out — ' 
no fracture in rock. 


89 


9 


2 


8 


Mdo. 


8 feet 6^ inches do. do. 


40 


9 


2 


8 


Cdo. 


7 feet 4 inches do. do. 


41 


9 


2 


10 


Cdo. 


7 feet 14 inch. do. do. 
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1 No. of 


Depth 


Diame- 


Charge 


Descrip. 
tionof 


1 


experi- 


of 


ter of 


of 


Effect and Bemarks. ' 


ments. 


hole. 


hole. 


powder. 


tamping 




No. 


feet 


inches. 


Ih. oz. 






42 


9 


2 


12 


MSand 


Tampingblownout, no fracture. 


43 


9 


2 


12 


Cdo. 


7 ft. blown out — ^no fracture — 
a hard substance 1 ft. 3 in. 
above bottom of hole; then 
a cavity of 2 or 3 inches, and 
under it sand mixed with 
burnt powder; the crust re- 
quired considerable labour to 
pierce with a 2-inch chum 
jumper, worked by 2 men. 


U 


9 


2 


14 


Cdo. 


6 feet lOj inches blown out — 
no fracture — Rimilar hard 
crust to preceding No. 


45 


9 


2 


3 


Clay. 


Tamping unmoved — ^rock very 

slightly cracked. 
N.B.— J of hole 9 ft. by 2 in. 

will contam 3f lb. of powder. 


46 


9 


^ 


1 


CSand 


8 ft. 11 in. blown out — no frac- 
ture-Bimilar hard crust found. 


47 


9 


2i 


1 


Mdo. 


Blown out, except a small 
crust of about ^ inch thick. 


48 


9 


2k 


1 8 


Cdo. 


5 feet 3 inches blown out — 
rock cracked. 


49 


9 


2k 


2 


Cdo. 


Tamping unmoved. 


50 


9 


2k 


3 


Cdo. 


Tamping unmoved — ^the explo- 
sion found vent by a side j oint 
iif ar the charge — mating an 
extensive fracture. 


51 


9 


3 


3 


Clay. 


Tamping unmoved-rock fractd. 


52 


9 


3 8 


CSand 


5 feet 10 inches blown out — ^no 












fracture. 


53 


9 


24 


4 


Clay. 


Tamping unmoved-rockfractd. 


54 


9 


24 


4 


CSand 


3 feet 2 inches blown out — ^no 
fracture— the hard crust 5 ft. 
7 inches from top of hole was 
some inches thick. 


55 


9 


24 


4 8 


CSand 


Blown all out— rock slightly 
ftuctured. 


• 56 


9 


l\ 


5 


Cdo. 


Blown all out — ^rock fractured. 


57 


9 


5 


Clay. 


Tamping unmoved — ^rock frac- 
tured. 
Tamping unmoved — rock 


6S 


9 


24 


6 


do. 












shaken — explosion escaped 












through side joints. 












N.B.— i of depth of hole 9 ft 












by 24 inches would contain 












5 lb. 14 oz., or nearly 6 lb. 










of powder. 
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In the same paper of the Franklin Institute above referred 
to, it is stated that the sand was sometimes poured in loose, 
and sometimes carefully oo^;!;^. 

The packing was perK)rmed by means of a small sharp 
stick, which was worked up and down as the sand was slowly 
poiiredin. 

It is stated, that — 

" This method was found to be the best, and is the one 
always used at Fort Adams, in charging drill holes for sand 
blasting. 

" Sand that was packed presented a much greater resist- 
ance than that which was poured in loose." 

In order to try the value of thus packing the sand, it was 
ascertained how much was added to the mass by this mode of 
condensation ; for this purpose we used a tin tube of 24 
inches long by 2^ inches diameter at mouth. 
2^ do. do. at bottom. 

When filled with the different qualities of sand, the weights 
were respectively — 

Fine Middling Coane. 

OS. OZ. OS. 

Poured in loose . . 65 76 80 

Packed by process above 
described . . .74 83i 84 

Many trials in blasting were made with tamping of sand 
thus packed. 

In noles 2 feet deep by 1 inch diameter, each of the three 
qualities of sand was tried with a ^ -ounce and a i-ounce 
charge, and in the whole of them the sand was all blown 
out. 
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Experiments on Tampmg toith Packed Sand. 

F Ssud, fine. M Sand, middling. G Sand, ooane. 



• No. of 


Depth 


Diame- 


Charge 


Deacrlp. 

tion of 




experi- 


of 


ter of 


of 


Effect and Remarks. 


1 ments. 


hole. 


hole. 


powder. 


tamping 




No. 


feet 


inches. 


lb. oz. 






59 






7 


CSand 


Tamping blown out. 


60 






7 


Cdo. 


Tamping remained — ^rock frac- 
tured. 
2 feet 6^ inches removed — 


61 






6 


Mdo. 












rock fractured. 


62 






6 


Mdo. 


1 foot 6j inches removed — 
rock fractured. 


63 






6 


Cdo. 


Tamping blown out — but a ' 
alight crust adhered to the • 






















sides of the hole. , 


64 






6 


Mdo. 


Tamping blown out. i 


65 






5 


Cdo. 


Tamping removed — except a ■ 
hard crust about 12 inches i 
above bottom of hole. 


66 




U 


6 


Cdo. 


do. do. 


67 




1! 


4 


Mdo. 


3 in. of tamping only remained. 


68 




4 


Fdo. 


Tamping blown quite out. 


69 


6 


2 


7 


Fdo. 


-] 


70 





— 


6 





1 In all these, the tamping 


71 


— 


— 


5 


— 


I blown out. 


72 





— 


4 





J 


73 





— 


8 


— 


All blown out but li inch. 


74 


— 


— 


12 


Mdo. 


•\ 


75 


— 


— 


11 


— 




76 


— 


— 


10 


— 


In all these, the tamping 


77 


— 


— 


9 


— 


blown out. 


78 


— 


— 


8 


— 




79 





— 


7 







80 


— 


■ — 


10 


Mdo. 


About 1 foot of sand remained 
rock fractured. 


81 


— 


— 


1 


Cdo. 


Tried twice— in both cases the 
tamping blown out. 


82 


— 


— 


15 


"— 


Blown out, except a hard crust 
I7i inches from bottom. 


83 






16 


~ 


2 feet removed-— a hard crust, 
took 2 men 40 minutes to 
bore through. 


84 


— 


— 


14 


— 


16 inches remained — hard 
crust formed. 


85 


— 


— 


18 


— 


Blown out, all but hard crust. 


86 






13 




3 feet 6i inches blown out — 
hard crust 12 or 14 inches 
thick, bored through with 
much laboiu*. 


87 


— 


— 


12 


— 


5 feet 4| inches blown out. | 

1 
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The quality of the sand has not been always noted in these 
or the former trials ; but all three kinds were employed. The 
very fine, contrary to the received opinion that it is the best, 
universally failed : the very coarse, in the larger explosions, 
was, for a few inches in thickness, generally vitrified or 
cemented together into a very hard crust. On trial with an 
acid, it was found that there were some particles of limestone 
mixed with this sand, the sudden burning of which might 
perhaps have assisted in producing this effect. 

In all the descriptions of sand, indeed, this cementing 
process took place at times, more or less, and all of them 
contained particles of lime. 

These last experiments were made at a different period 
from the former trials of sand, and probably with some 
variety in the quality of the powder and material, which must 
account for the apparent mferiority of the packed sand ; 
whereas the packed must be the best, although in too small 
9 degree to remedy the inherent defects in any tamping 
of sand. 

In fact, it is impossible to reduce those kinds of experi- 
ments to any very close results in detail^ although by 
numerous trials we may come to general results that may 
be well relied on. 

The conclusion come to from all these experiments, not- 
withstanding some discrepancies that will be observed, is, 
that. sand of any description, and however applied, is, when 
used by itself for small olasts, perfectly worthless, and quite 
inferior to clay tamping for larger explosions, at least so far 
as for holes 9 feet deep by 2^ inches in diameter. 

The cause of the sand tamping not presenting the same 
resistance to the explosion of powder in a blasting hole that 
it does to the mechanical pressure through tubes, is, no 
doubt, that the explosion penetrates among the particles, and 
loosens and separates them, instead of wedging them together 
as when pressed. The same action will be observed in a 
subsequent part to produce an extraordinary effect on sand 
or other loose material when used with iron cones. 

No examination was made in any of these or preceding 
experiments of the quality of the powder, exceptmg those 
expressly for that object. It was in all cases tne ordinary 
merchants' blasting powder; nor was any account taken 
of weather, or other such circumstances as might causa 
discrepancies in trials made at different periods. 
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The only other materials for tamping, requiring much 
notice, are — 

Broken brick, and 

Broken stone, or quarry rubbish. 

I. Broken trick is a good material for tamping, and gives 
considerable resistance, though not so much as clay ; vide 
Nos. 116, 117, 118, in Table. It will not strike fire with 
iron, and it is to be procured in most situations. 

II. Broken stone is of two qualities. Some quarrymen 
are in the habit of using a rotten kind of stone that is found 
in most stone countries ; not being brittle, it rams into a 
very firm mass, and is not subject to strike fire ; but being 
stone at aU, gives an opportunity for careless workmen to 
apply the harder quahtv instead, or, at any rate, to mix 
pieces of the latter with it, by which the operation is subject 
to the contingencies of the use of the hard material. 

The orduiary material used for tamping is the broken 
stone and rubbish of the quarry itself, unless notoriously 
subject to strike fire. 

This, by experiment with the blue limestone or granite of 
the neighbourhood of Dublin, was found to be inferior to 
clay as a resisting medium. Vide e^eriment No. 119. 

It is also more liable to cut the safety fuse, or to derange 
the needle hole, but, above all, it is never, in any ro<^ 
entirely free from some danger of giving fire, and causing 
accidents : this is quite enough to occasion it to be rejected 
wherever it is possible to procure a substitute. 
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JSxpervmentB with Tamping of Cla/y^ Broken Brich, and 
Broken Stone, 

C Contractor's Powder. G Government Powder. 



hi 


Holea. 


Charge 

and 
descrip- 


Tamping. 


Results and Obsenrations. 








o « 


Depth. 


DU- 


tion of 






Is, 






meter 


powder. 






No. 


ft. 


in. 


in. 








88 


3 





2 


2 oz. C. 


Clay 4 to 
16 in. 


All blown out. 


89 


3 





2 


n 


Do. 17 in. 


A small quantity left. 


90 


3 





2 


if 


Do. 18 in. 


All blown out. 


91 


2 





2 


it 


Do. 19 in. 


7 inches of tamping removed. 


92 


2 





2 


20Z.G. 


Do. 19 in. 


7i inches removed. 


93 


3 





2 


2oz.C. 


Do. 20 in. 


5^ inches removed. 


94 


2 





2 


2oz.G. 


Do. 20 in. 


8^ inches removed. 


95 


3 





2 


2oz.C. 


Do. 24 in. 


3 inches removed. 


96 


2 


2 


2 


2 0Z.G. 


Do. 24 in. 


6 inches removed. 


97 


2 10 


2 


30Z.C. 


Do. 32 J in. 


Tamping undisturbed — rock 














well cracked — ^line of least re- 














sistancel9 inches inafavourable 














position, near a salient angle. 


98 


3 


2 


2 


3oz.a. 


Do. 371 in. 


Tamping blown out — rock, to all 
appearance, not aflfected— line 
of least resistance 2 feet, in an 
unfovourable position, near a 
re-entering angle.* 


99 


4 


li 


2 


2ioz. 
C. 


Do. 4 ft. 


16 inches removed — the clay 
in this case was very dry, and in 
powder, and considered to be 
less efficient than when caked. 


100 


3 





2 


4oz.a 


Do. 24 in. 


Tamping not disturbed — rock 
lifted. 


101 


1 


7 


2 


10Z.C. 


Do. 10 in. 


All blown out. 


102 


1 


2i 


2 


10Z.C. 


Do. 12 in. 


About 3 inches of top blown 
out, and a considerable por- 


103 












tion round fiise-hole. 


to 


3 





1 


2oz.C. 


Do. 5 & 6 in. 


All blown out. 


105 














106 


3 





1 


20Z.C. 


Do. 7 in. 


14 inch removed. 

All blown out — tried twice. 


107 


3 





1 


2oz.G. 


Do. 7 in. 


108 


2 


H 


1 


2 0Z.G. 


Do. 8 in. 


f inch removed — ^rock slightly , 
affected. 


109 


3 


1 


1 


2oz,Q. 


Do. Sin. 


2^ inches removed. 


110 


4 





3 


20Z.C. 


Do. 14 in. 


All blown out. 


111 


3 


H 


3 


2 oz. C. 


Do. 18 in. 


All blown out. 


112 


2 





3 


2 oz. C. 


Do. 20 in. 


Very little removed, except on 
side of fuse-hole. 


118 


3 


m 


3 


2 oz. C. 


Do. 22 in. 


13 inches removed. 



• The effect on the tamping in this experiment (No. 98) is so different from aU the 
others, with even superior charges, {vid» Nos. 100, and 114 to 122,) that there was prr 
bably some misapprehension in preparing or recording the experiment. 
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Holes. 


Charge 

and 
descrip- 


Tamping. 


Besults and ObservstioiM. 


O 








41 


Depth. 


Dia- 
meter 


tion of 
powder. 






1 

No. 


ft. 


in. 


in. 








114 


4 


01 


3 


40Z.C. 


Clay 26 in. 


17i inches removed. 


115 


4 


oi 


3 


4 0Z.C. 


Do. 30. in. 


22 inches removed. 


116 


3 


■2 


2 


4 0Z.C. 


Do. 24 in. 


Tamping undisturbed — rock 
slightly cracked. 


117 


3 


2 


2 


4 0Z.C. 


Do. 22 in. 


3 inches of top of tamping re- 
moved — ^the remainder undis- 
turbed. 


118 


8 


2 


2 


4OZ.0. 


Do. 21 in. 


4 inches of tamping removed — 
rock burst. 


119 


3 


2 


2 


4 oz. C. 


Do. 20 in. 


1 inch removed— rock burst. 


120 


2 





2 


40Z.C. 


Do. 18 in. 


6 inches removed— rock burst. 


121 


2 





3 


4 0Z.C. 


Do. 20 in. 


Rockburst— enlargedupperpart 
of fuse-hole. 


122 


2 





3 


4oz.C. 


Do. 18 in. 


8 inches removed — ^rock burst 


128 


16 





4 


351b. 
C. 


Do. 9 ft. 


The chai*ge occupied 7 feet — 
the rock was separated across 
the hole, at the outer end of 
which 4 inches of the tamping 
was found firmly adhering to 
the side of the half hole in the 
solid rock. 


124 


7 


2 


2 


21b. 
80Z.C. 


Do. 6 ft. 2 in. 


The powder occupied 2 feet — 
the rock was separated so as 
to cut the hole longitudinally 


























in two — ^the tamping was found 














adhering firmly to 16 inches of 














the upper end of the half uole. 


125 


11 





3 


191b. 

12 oz. 

C. 


Do. 4 ft 


The powder occupied 7 feet out 
11 — ^the face of the rock was 
blown down along the line of 
the hole, excepting the upper 
2 feet 6 inches, which re- 
mained, and in which the 
tamping continued firmly fixed 
after the explosion. Fig. 13, 
p. 49. 

All blown out. 


126 


2 





2 


20Z.C. 


Broken 












brick, quite 














dry, 18 in. 




127 


2 





2 


2 0Z.C. 


Do. 23 in. 


All blown out 


128 


2 





2 


2oz.a 


Broken 
brick, 

damped, 
23 in. 


All blown out, except a slight 
incrustation on sides near- the 
bottom. 


129 


2 





2 


20Z.C. 


Broken 
granite 


All blown out — ^the stone was 
nearly in a state of disintegra- 












stone, 23 in. 


tion. 









ffp/m.. 



Fig.Y&. 



QUARRYING AND BLASTING ROCK 



But few trials were made 
with broken brick ; the object 
was merely to confirm the 
opinion that it possessed no 
decided advantage, in point 
of resistance, over clay; if 
anything, it is believed to be 
somewhat inferior, and re- 
quires a little moisture, which 
IS a slight disadvantage; and 
it is more liable to have par- 
ticles of stone, or hard mate- 
tenal that might strike fire, 
mixed up with it. 

The broken stone was tried once or twice besides the 
instance recorded, and in all showed an inferiority to the 
clay ; the use of it being always attended with more or less 
of danger, it was not thought advisable even to experiment 
much with it. 

It will be perceived that in holes of 2 inches diameter, 
2 ounces of powder will blow out about 18 inches of clay, 
and not more. 

In holes of 1 inch diameter, 2 ounces will not blow out 
above 7 inches. 

In holes of 3 inches diameter, 2 ounces will not blow out 
above 19 or 20 inches. 

This comparison, however, is not quite conclusive enough 
to found a theory on, as the position of so small a quantity 
as 2 ounces spread on the surface of a 3-inch hole gives it a 
disadvantage, whereas in a 1-inch hole it lies very compact. 

Increase of charges does not produce the increased effect 
upon good tamping that might be expected. It has been 
shown (Nos. 90, 91, Table of Experiments,) that in a 2-inch 
hole 2 ounces of powder will just blow out 18 inches of the 
tamping ; in No. 100, and from 116 to 122, it will be found 
that 4 ounces, that is, double the charge, had scarcely, if at 
all, more effect, so far as can be judged under the different 
circumstances. 

When, however, the rock is opened by the explosion, the 
effect on a tamping of clay or other tougn material is greatly 
reduced ; see Nos. 123 and 124, and particularly No. 125, 
for a remarkable instance of this ; also Nos. 97 and 98, foi 
the difference in effect on the tamping caused by the rock 
yielding, or not, to the explosion. It woidd appear that the 
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action upon the rock in opening it is much more rapid than 
on the tamping ; even where the rock is separated across 
the line of the hole itself, the tamping is usually found 
adhering to one or hoth sides. 

This is a very favourable circumstance in blasting. 

It would be interesting to follow up the experiments of 
the effect of varying charges, with varying depths and 
diameters, upon one uniform description of clay or other 
good tamping ; it would seem probable that after a certain 
point, which may be perhaps about 24 inches in a 2-feet hole, 
the charges to remove increasing depths of such tamping 
must be increased in a much greater proportion even than 
as the cubes of those depths : it is very dimcult, however, to 
make such experiments, on account of the bursting of the 
rock with increasing charges, by which the effect on the 
'imping is reduced ; it could only be done by holes in 
re-entering angles, very closeh bound by projecting masses. 

After having tried the value of the ordmary modes of 
camping with broken stone, sand, brick, and clay, it becomes 
worthy of consideration whether additional resistance might 
not be obtained by some mechanical application of a different 
nature, tending to save time, labour, and chances of accident. 

Any such contrivance, to be practically of general service, 
must be very simple in construction and application, and 
obtained at an expense not disproportionate to the advantages 
gained by its use. 

The one that naturally suggests itself is some kind of plug 
or wedge, fixed in the loaded hole in a manner to increase 
the resistance. 

If such a plug could be contrived to give, with sand, or 
loose small broken stone, or quarry rubbish, equal resistance 
to the same depth of good clay tamping, a very great 
advantage would be obtained in rapidity* of the tamping, 
and in security from accidents. 

Many trials were made for this purpose. 

The first was with an iron plug two or three inches long, 
and very slightly coned, the larger end being of somewhat 
greater diameter than the hole. 

It is well knovm that such plugs, when driven into a hole 
in rock, and not having perhaps half an inch of contact, vnll 
raise from the ground the weight of many tons, showing a 

* Substantial tamping is usually executed at the rate of from six to 
twelve inches per minute ; nine inches per minute may therefore be 
calculated upon as a medium fbr holes of almost any size. 
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degree of tenacity that it was expected would be very 
powerful against the explosion from within ; but when tried 
over the sand, although evidently affording much increased 
opposition, they were still in all cases driven out with sharp 
explosions, by smaUer quantities of powder than would have 
removed good clay tamping. 

Plugs of wood were tried with a similar result. 

Iron plugs, of a form slightly curved in a barrel shape, and 
about 3 inches long, were also tried, and with better effect : 
when tightly driven into the top of the hole they took firm 
hold, and over loose sand, when properly fitted, appeared to 
give more resistance than equal depths of clay {vide Nos. 130, 
131, 132 of Tables) ; they had a groove along the side for 
the fuse to pass through (fig. 14), and a strong eye to which 




a string could be fastened with some object attached, to 
enable it to be seen and found if the plug was forced into 
the air. 

A few of them were made for 2-inch holes, that is, varying 
in diameter from a little less to a little more than 2 inches ; 
so that from the set it was easy by trial to find one that 
would fit with a proper degree ol tightness. 

The objections to the use of such plugs would be — ex- 
pense ; occasional losses ; when blown out, some danger of 
falling on the by-standers ; a degree of difficulty in removing 
them when not blown out, or the rock cracked precisely 
across the mouth of the hole ; and want of simplicity by 
requiring an additional implement ; — ^in this case, too, there 

D 2 
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18 the chance of the workmen carelessly applying such as 
would not fit well, by which they would be rendered of little 
or no service. 

Pins formed of cylindrical pieces of iron, 6 inches long, 
whereof two sides were taken oflT, each of them of the thick- 
ness at top of about a quarter of the diameter of the cylinder, 
and tapenng to nothing at the bottom, so as to form two 
wedges, were then tried over sand at the upper edge of the 
hole; and although the pin was driven up against these 
wedges, and much effect produced, still they were not equal 
to the clay. 

A cone placed immediately 
on the charge of powder, and 
filled over with stone broken 
to pieces of about half an inch 
cube (fig. 15), it was consi- 
dered would give very power- 
ful effects. Such a cone at 
the end of a rod of iron, and 
having only 16 inches of 
broken stone over it, at Chat- 
ham, where the idea origin- 
ated, was proved to support a 
weight of 16 tons. A sunilar 
trial was made subsequently 
at Kingstown, and it sup- 
ported a weight of 10 tons 
without showing any signs of 
yielding, and even with fine sand, instead of stone, over it ; 
and although the base of the cone was only 1| inch in a 
hole of 2| inches in diameter, it sustained the same weight 
perfectly. 

Still, notwithstanding this great power, when opposed to 
the gradual application of a force firom above, it was found to 
give way to the explosion of the powder firom below (see Nos. 
133 to 14.5). 

It would seem that the explosion penetrates round the 
sides of the cones, however small the windage (and they 
cannot be made to fit very tight, on account of the irregulaur 
size and shape of the holes), and by the fuse hole, and acta 
directly on the broken stone or sand above, so as to prevent 
them from operating as a wedge. 

Some of the objections to the barrel-shaped plugs apply to 
these cones also : it would be attended with great labour to 




Fig. 16. 
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extract them if not disengaged by the explosion ; and it 
would be very difficult to apply them in holes horizontal, or 
nearly so, unless they were very shallow. 

The last contrivance tried, and which, as far as it has 
gone, has given a greater degree of resistance than any other 
mode of tamping, has been the application of iron cones, 
with long iron arrows applied as wedges (fig. X6). 




Fig. 19. 

The cones may be from 3 to 6 inches long, with a groove 
for the fuse, and an eye at the top. 

The arrows, from 21 inches to 2 feet 6 inches long, made 
of ^-inch round iron, with a long fine point at one end, and 
turned to a handle at the other. 

The arrows are proposed to be of this shape, as perhaps 
the cheapest that could be made. 

These cones were inserted at from 6 inches to 2 feet below 
the edge of the hole : for their effects, see Nos. 146 to 163 
of the following Tables. 

The arrows should not be less than § inch thick (see No. 
152), nor more than | ; nor fewer in number than 3 for a 
2-inch hole, or 6 for a 3-inch (see Nos. 162, and 161, 162). 

The cone is let down over the sand, clay, or rubbish, and 
the arrows are fixed to their position by a slight blow or two 
with a hammer or stone. 

The objections to this implement are in some respects 
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similar to the others ; namely, expense, cdance of occasional 
losses when blown out, or of falling on people's heads ; the 
almost impossibility, frequently, of removing them when 
not blown out, without breaking open the rock ; and want 
of simplicity in requiring so many additional implements. 

The wear and tear of the arrows would be cousiderable, as 
they are usually thoroughly flattened near their lower end, 
and sometimes broken by the explosion. 

One remarkable circumstance occurred repeatedly in the 
trials with these cones and arrows. 

With sand laid over the charge of powder, and under the 
cones, the latter were firmly wedged, while the sand (some- 
times in considerable quantity) was blown out entirely, or 
nearly so, by the small opening between the base of the cone 
and the side of the hole, the cones not being particularly 
loose, or more so than was necessary to go down freely (see 
Nos. 146, 149, experiments). 

Even clay to the depth of 6 inches was removed in the 
same manner from under the cone (No. 156). 

Broken stone could not escape in a similar way, but the 
explosions through it were observed also to find a vent round 
the sides of the cones. 

From 8 to 12 inches of clay tamping over the sand pre- 
vented this effect. 

In all cases the powder was poured in by a copper tube to 
the bottom of the nolo, and a very thin covering of one or 
two folds of paper was the only wadding used. 

The rock was not affected, so far as could be perceived, 
unless where otherwise mentioned. 

Clay, and broken brick tamping, were in all cases firmly 
rammed down. 

Sand and gravel in all cases poured in loose. 

Broken stone, when employed by itself, was well rammed; 
and when used with any kind of plugs or cones, it was 
poured in loose. 

Where portions of the tamping were removed, it was con- 
sidered to have been occasioned by the escape of the explosion 
up the fuse hole, or round the cones, and not by the general 
concussion. 
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The conclusions which I think may be reasonably drawn 
from the foregoing experiments and oDseryations on tamping, 
are, 

1. That clay dried to a certain extent is, all things con 
sidered, the best material that can be used for tamping. 

2. That broken brick, tempered with a little moistvre 
during the operation, is the next best material. 

3. That some kinds of rotten stone are as good as either, 
but that it is not so easy to be sure of always having the 
proper kind, and the use of it is very likely to lead to an 
occasional substitution or mixture of stone of other qualiiy, 
such as is decidedly objectionable. 

4. That sand, or any other matter poured in loose, is 
entir^ inefficient. 

5. That the stone dust and chippings of the excavation 
itself (excepting the rotten kind above mentioned) afford 
less resistance than clay, and being always more or less 
attended with risk of accidents by untimely explosion, should 
never be employed. 

6. That of the mechanical contrivances by means of plugi 
or wedges, the most effective of those referred to are, the 
cone with arrows, and the barrel-shaped plug; both of 
which, particularly the former, give a great increase of 
resistance; but that aU such contrivances, leading to increased 
expense, requiring extra arrangements, and some attention 
to a proper application, such as cannot always be depended 
upon, are none of them applicable to ordinary purposes, but 
Kiight be very useful under circumstances where every blast 
is under great difficulties, or attended with much expense ; 
for instance, under water, or in carrying on shafts, galleries, 
&c., through very hard rocks ; in such cases the additional 
cost and labour of employing these means would perhaps be 
well repaid by the improved effect of each explosion. 

In the case of blasting in shafts and confined driftways, 
where the openings made by the explosion mv^t necessarily 
be across the line of the hole, one great difficulty, namely, 
that of disengaging the cone or plug after the firing, does 
not occur. 

In very confined situations, like the bottom of small shafts, 
where the greatest possible effect is required from the shal- 
lowest holes ; the effects from deep holes being counteracted 
by the infinite resistance of the contiguous masses, these 
means of increasing the resistance of the tamping might be 
very useful. 
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The comparatiye strength of different kinds of tamping 
will vary in a small degree in different places ; that which is 
most commonly used, will, in each locality, give, relatively, 
no douht, better effects ; thus where broken brick or broken 
stone are commonly employed, they will perhaps on trial be 
ibund to give somewhat better results, as compared with 
clay, than are noted in these Tables, which were drawn up 
where the day was in habitual use, and the others were only 
tried for experiment ; but it is apprehended that, although 
tiiey may vary in decree, in no case would the difference De 
so great as to alter the relative order in which they stand. 

By far the most di£Scult, expensive, and dilatory blashng 
operations, are those connected with sinkiQg shafts and 
driving galleries in rock. 

The disadvantages under which such work proceeds, arise 
from — 

1. Want of space in which to work to most effect. 

2. Want of light. 

3. Want of pure air. 

4. Penetration of water into the works, sometimes in 
large quantities. 

5. The necessity for securing the parts excavated, on 
every side, from loose fragmei^s, or other portions that 
might give way. 

6. The inconvenient communication for men and imple- 
ments, for removing the material, &c., to and from the work 
during the operation. 

These peculiarities are such as to justify and even to 
require the most perfect arrangements and contrivances to 
be made use of; some that might be considered for ordinary 
blasting, as leading to unnecessary refinement and cost. 

The easiest tunnels or galleries to open, are those that can 
be worked from the ends, without requiring any shaft ; and 
more particularly those worked on an ascending inclination, 
by which any water met with has a natural drainage awav. 

Sometimes it may be so well drcumstaneed, as to rise nrom 
both ends, and have a summit in the interior. 

The disadvantage of blasting in a re-entering angle, sur- 
rounded on all sides by great resistance, has been adverted 
to : this would be the case nearly through the whole progress 
of a tunnel, if the face were all to be t&en out together, and 
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tiherefore the following, it is conceived, would be a better 
order of proceeding, and has partially been acted upon in 
some instances. 



^^^^^^<''^J^^-^T:^M'<^^^WW>i. 




m$,\i. 



Commence by a gal- 
lery or driftway a | 
(fig. 17), at the apex | 
of the roof,* as small | 
as can conveniently be | 
worked in ; viz., about % 
6 feet high by 3 feet | 
wide. This will be ^ 
carried on necessarily 
in the most disadvan- % 
tageous way for the ^ 
effect of the powder, | 
as previously explained. | 

The next portion to 6 
work out will be b jb ; 
and in that some ad- 
vantage will be obtained from the first opening a, to apply 
the powder to more effect. 

The great mass o will be then removed almost as favourably 
as in an open quarry, having a face towards that part of the 
same portion o, tiiat has been previously removed, to which 
the lines of least resistance can be directed. 

Thus A will throughout be kept well in advance of b, and 
B in advance of o. 

It is probable that each, without checking the progress of 
the part preceding, may be made to keep pace with it ; and if 
so, the wnole tunnel may be worked out in nearly the same 
time as would be required for a driftway. 

The advantage of beginning at the roof is, — 

1. The scaffolding and ladders for working from, become 
unnecessary. 

2. The roof or arch is easily got at, and made sound and 
secure in the first instance. 

3. The drainage is facilitated as the work proceeds, as will 
be explained. 

In tunnels of very great length, the operation would be far 
too long by working them only from one or even &om both 

* The drifkway is more usually carried along the jiiMt of the 
gallery, to give • supposed advantage for drainage; but, as I think, 
erroneously. 
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ends; it becomes necessary then to sink shafts to inter- 
mediate points, from the bottom of which the tunnel is carried 
oa ill each direction until the whole shall be connected. 

This of course will add very greatly to the difficulty and 
expense : 

1. By the additional labour of excavating the shafts. 

2. By the necessity for passing all the workmen, imple- 
ments, tools, and the materials from the excavation, ur) or 
down the shaft, as the case may be. 

3. By the limited space below, particularly as subject to 
the interruptions occasioned by the explosions, from which 
it is more difficult to obtain refuge. 

4. By the probable necessity for increased artificial means 
of ventilation. 

6. And principally, by the machinery and labour requisite 
to keep each distinct shaft, and the galleries connected with 
it, free from water. 

The expenses will be increased in proportion to the number 
of shafts ; and the number of shafts will be regulated by the 
time to which the execution of the tunnel is limited. 

Thus, if the nature of the rock and other circumstances are 
such, that the engineer cannot be sure of penetrating faster, 
at each head of driving the gallery, than 3 yards per week, 
if the tunnel is to be 2 miles long, and the period for its 
being opened three years from the commencement ; on these 
data 468 yards would be the amount that would be opened 
during three years in each head of working, requiring conse- 
quently between 7 and 8 heads for the whole, or three 
shafts, and the two ends. This, however, would be to 
suppose that the work commences at once from the bottom 
ot each shaft: the time necessary for sinking the shafts, 
however, must be considered, which will consequently 
increase the necessary number of them. 

A good record of the actual result of working tunnels, 
with a minute detail of all particulars, is very much wanted 
as a guide for future operations. 

Many circumstances will have influence upon the dimen- 
sions to be given to tunnels ; if for a railway, — the width of 
the locomotives and carriages, the height of the former, &c. 

Certain dimensions may be deemed fixed : for a railway, for 
instance, the height of the vertical side walls suppose 10 feet ; 
the space between the two tracks, and between each of them 
and the walls, suppose 16 feet in all ; besides the width of the 
track of this space, it might be better to diminish that in the 
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middle, and to increase those on the sides, suppose 4 feet for 
the first, and 6 feet for each of the others, because — 

1. The side spaces would be more useful for gas or other 
pipes, or for lamps, or for drains, or for tools or materials 
during repairs. 

2. It is the readiest and most natural position for any 
person to seek for refuge, should an engine or carriage pass 
while he may be in the tunnel. 

The roof should be 
as flat as the rock will 
admit to be secure, 
provided there be suffi- 
cient height for the 
engine up to a 5, (fig. 
18,) over each track- 
way. 

Some rocks will bear 
being cut to an almost 
straight horizontal 
roof; this will be par- 
ticularly the case 
where the strata are 
vertical, or nearly so : 
others require to be high and pointed; when even that 
form shall be insufficient the very troublesome and costly 
expedient of lining with brick or masonry must be resorted to 

It has been sometimes proposed to construct a double, 
gallery for a tunnel ; one for the traffic in one direction, and 
the other for that in the opposite : the assumed advantages 
are — 

1. That a small roof may be more easily secured than a 
larger one. 

2. That one line can be opened first, and the second 
worked out by degrees, and at leisure, without interrupting 
the traffic in the first. 

3. That the cross traffic cannot at any time interfere, and 
that persons who may be accidentally in a gallery while an 
engine or carriage is about to pass, will find secure refuge in 
the other, or in the connecting passages. 

4. That the subsequent repairs, &c., will be quite safe 
from any interference with the traffic, which would then be 
confined to the line not under repair. 

In chalk, a material that is easdy worked and shaped, and 
in rocks like it, and in which a large roof may be of doubtful 
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Btabiliiy, wbile a small one miglit be considered secure, this 
system would be most applicable; but I should think it 
objectionable in hard rocks requiring to be blasted. 

A single tunnel of 28 feet wide will afford as much useful 
accommodation as two of 18 feet wide each. 

Suppose the width of trackway to be 6 feet; then, in 
either case, there would be a space of 6 feet between each 
trackway and the wall : but as it is proposed above to allow 
but 4 feet between the two trackways, it may be considered a 
more fair comparison to calculate each of the double galleries 
as only 16 feet wide. 

The comparison of the 
relative labour of opening 
either.may be exhibitea thus, 
bringing the two double gal- 
leries (which would be seve- 
ral feet asunder in practice) 
close together for the con- 
sideration of the question 
(%19), . . . 

The excavation will m 
quantity be probably about 
the same, allowing for the 
conne 




Fig. 19. 



the two smaller ones ; but the single will be much easier to 
work out, because the space to work upon will be larger. 

In the trimming work, which, after the first opening or 
driftway, is the most troiJ}les(»ne, the advantage is greatly 
in favour of the large gallery ; as in the one case there is the 
amoimt of trimming the lines r, l, e, and d, l, e, besides the 
connecting passages, to compare with i, b, k, whidi they much 
exceed. 

The single gallery will also require but one driftway ; the 
double, two, — ^a point (^ great importance as regards labour 
and expense. 

The single also gives additional space and height at the 
roof, where it is very useful aa a receptacle for the vapours 
of steam and smoke. 

It may be mentioned here, that the time and expense 
consumed in working out a shaft or gallery will be by no 
loeans increased in the direct proportion of its size. 

One of reduced dimensions would take very nearly the 
same time in excavating as a larger (unless the difference 
be excessive), and the expense per cube yard will decrea^ 
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with the extent of opening, — ^the first or driftway of a few 
feet in either case being bj far the most costly.* 

Where a shaft or gallery is full large, there will be less 
occasion to be very particular in trimming the sides, by 
which much time and expense will be saved. 

With regard to the floor of a gallery, no particular nicety 
is requirec^ except to take care to excavate enough : if ii 
should be more, it is of no consequence, as any hollows 
can be filled up without inconvenience, whereas in sides 
or roof any excess of rock removed may be troublesome 
to remedy. 

The only assumed advantage of the double gallery worthy 
of mention, to compensate for the above-stated points of 
inferiority, is that of the capability of opening them in 
succession, the second, during the operation, not interfering 
with the first; but though it has an advantage in that 
respect, still it is apprehended that the difficulty of doubling 
the opening of a single gallery, one trackway being previously 
made good, would not be great. 

Should it for any rea- . 
son be judged inexpe- *''' 
dient to open a double 
line at once, the mode 
will be to open the 
driftway 1 (fig. 20), and 
then one of the sides 2, 
and then 3 on the same 
side, leaving the other , 
portion^ for subsequent ^ : 
completion. Y'' 

The halftunnell, 2, h^^! 
3, will be more easy to - 
open than one of the 
double galleries, on ac- 
count of the IsBB extent of nice trimming, Ac, and the other 
half 4 will be far easier than the second small gallery. 

The only inconvenience of this proposed mode will be, the 
danger of incommoding the first line of railway by the mate- 
rials from, the subsequent excavation ; but it is apprehended 
that with moderate precautions this need not be the case. 

The work will be ^*adually performed, the blasts not large ; 

* An example of the relative expense of this, and of shafts, &o., witt 
be found in the cost of the tunnel uf Drenodrohur, page 73. 
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they may be always fired immediately after the passing of a 
train, and the line cleared of any little rubbish before the 
next shall arrive, and a proper system of signals established, 
by which every train at its entry may be assured that the 
line is clear. 

In the single tunnel, the lower end of the shafts will be 
in the middle, and form part of it ; whereas in the double, 
however arranged, the shafts cannot be so conveniently 
placed with reference to both galleries. 

SHAFTS. 

In sinking shafts, the work is much more disadvantageous 
than even in the galleries, on account of — 

1. The more limited space. 

2. The more constrained position of the workmen. 

8. The danger of anything, even small articles, falling 
down upon them. 

4. The difl&culty of applying any holes for blasting, but 
such as are vertical, or nearly so. 

6. The immediate vicinity of the receptacle for the 
drainage water, from which it will be almost impossible to 
keep clear. 

It will be found more advantageous probably to sink shafts 
rather long and narrow (the length crossing the direction of 
the tunnel at right angles), than circular or square; for 
instance, 16 feet by 9 feet may be better dimensions to give 
a shaft than 12 feet each way, provided always that the width 
is ample for working the buckets up and down. By this 
arrangement it will be easier to apply transverse bearers 
across the top for machinery ; the space for the workmen will 
be more convenient ; the pipes for drawing off the water, for 
ventilation, &c., will be more out of the way at one end, 
while the buckets for drawing men and materials, &c., up 
and down, may be at the other. 

The upper surface edge of each shaft must be thoroughly 
lined, and secured from the possibility of anything faUing 
down ; the buckets and windlass of perfect description and 
arrangement to prevent such accidents, or the striking against 
each other in meeting, &c. 

It is in blasting at the bottom of shafts that the shields 
described in another part might, it is conceived, be more 
usefully applied than in anv other situation. The holes wiU 
be vertic^ the blasts small, the shield always close at hand, 
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and the great labour and loss of time saved of removing the 
workmen to the top of the shaft at each blast. 

"When the shaft is sunk to the depth of the drtftway at 
the roof of the galleries, those driftways may be at once 
commenced to save time ; and the remainder of the shaft 
sunk while the gallery work is going on. 



ErPEOTS OF STBATA. 



In stratified rocks, the direction of the strata in tunnel- 
ling will be of much importance. 

The most favourable 
would be vertical, and at 



right angles with the di- J^ 
rection of the line of tun- d ^ 
nel, because when the drift m\ 
A (fig. 21) is carried to JH 
sufficient extent, the holes 
for the subsequent blasts 
can be bored down the 
joints, and the explosion 
made to act in the most 
favourable manner. 

The same principle may 
be adopted where the strata 
may be inclined upwards 
from the miners, as at B 
(fig. 22), but it wHl be 




Fig, 21^— (Longitudinal Section.) 




Fig. 22.— <Longiindinal Section.) 
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more difficult to work with advantage from the other end of 
the gallery c ; as, to follow the same principle, the rock will 
be always overhanging the workmen. 

If the strata be in horizontal beds, it will be worked 
upon by horizontal boring after the roof is entirely cleared 
out. 

A most unfavourable direction is when the work is proceed- 
ing in the same line with vertical strata, which will conse- 
quently always present 
tneir edges in front. ^^ 

In that case an open- 
ing should be carried 
down from top to bottom, 
either at one side at D 
(fig. 23), or in any other 

Eart, and then the holes 
ored down the strata as 
at A, or horizontallv as at 
B; the whole root, how- 
ever, and opening n, will 
be worked to much dis- 
advantage. 




DBAINAGE. 

An adequate drain will be necessary through the whole 
length of any tunnel. 

A very favourable inclination for a gallery, as respects 
drainage, would be about 16 feet in a mile (1 in 330).* 

The drain will be larger or smaller according to the 
quantity of water which it may have to discharge, but at 
1 in 330 the fall will be sufficiently considerable to render a 
very large drain probably unnecessary. 

In working the ascending galleries, either from the end or 
from a shaft, it will be quite easy to proceed so that there 
shall be always a natural drainage, at every period, to the 
receptacles from whence it will run off, or be pumped out, as 
the case may be. 

* Whether for ordinary road or railway, the incline in a tunnel should 
be easy ; as it would be peculiarly inconvenient in that particular part 
of a line to incur the v^ of a stoppage in ascending^ or of an accident 
in descending. 
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But in each descending gallery some little arrangement 
must be made to assist it. 

When the descending meets the ascendinof gallery, the 
whole of the drainage will be carried off by the latter ; till 
then, the following arrangement will be better than carrying 
pipes to the end of the gallery, as must be done if the 
inclination be steep. 

Suppose the descending gallery to be 440 yards in length 
before it is to meet the other ; this, at 16 feet to a mile, will 
give a perpendicular difference of level of 4 feet : as the 
gallery will be from 24 to 30 feet high, it is manifest that 
the far greater portion may have a regular natural drainage 
out, the same as an ascendmg gallery ; but by sinking a 
small well-hole at the bottom of the shaft, of 6 or 6 feet 
deep, from whence the pump may draw the water out, a 
dram may be cut to it from the very end of such descending 
gallery, as it progresses, that will carry off the water 
naturally from its very flour. 

That drain wiU form part of the regular longitudinal drain 
that must be made at all events, and the only additional 
labour will be in excavating the well in each shaft, which 
also might at any rate be desirable. 

When the tunnel or gallery is to be horizontal, as it must 
be for a canal, the drainage will be as described for the 
descending gallery. 

In deep sinkings, drainage is sometimes effected, or rather 
more usually assisted^ by means of artesian wells or bore- 
holes sunk from lower levels of the surface ground, down 
to the lines of strata that shall descend from the works. 
Where the joints shall not be too close, and the distance not 
too great, the water will be drawn from the works by this 
self-acting drainage down to the level of the top of the 
artesian bore-hole ; or, practicality to nearly that level. 

TENTILATION. 

The difficulty of working galleries to any extent under 
ground is occasionally very great, for want of ventilation, or 
from the presence of foul air. 

The remedies are, either to force fresh air to the end of 
the work, or to draw the foul air off from thence, when the 
fresh air will rush into the vacuum : the latter is esteemed 
to be the more easily effected. 

In either case there must be an air-tight tube from the 
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fresh air to the part where the workmen are engaged : and 
the great difficulty must be to establish such a tuoe perfectly 
firm and perfectly air-tight. 

In operations on a small scale, such as military miners are 
engaged iu, a small and light tubing is used, and the air 
forced in by a pair of smith's bellows, or others of about 
equal power ; but to work a gallery of some hundred yards 
long from the bottom of deep shafbs will require tubing more 
substantial and of larger dimensions, with a continued force 
applied for exhausting the foul air ; or fresh air has frequently 
been introduced by a fan-wheeL 
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In a recent number of the Annales des Fonts et Chaus^es 
of France, there is an account of a simple contrivance which 
enabled the working of a shaft of 5 feet diameter, and 220 
feet deep, to be continued after it had been interrupted by 
the constant collection of carbonic acid gas ; all the ordinary 
measures by bellows, Ac, having proved quite ineffectual. 

A large tub a (fig. 24) was firmly placed on balks on a 
level with the top of the shaft, and filled with water to the 
level a, a. 

An air-tight pipe from the bottom of the shaft was brought 
through the tub A, and had its upper edge a very few inches 
above the water ; it had a valve h on the top. 

A smaller tub b, reversed, was suspended within A, by the 
cords E K, which were made fast to the ends of the levers 1 1. 

B had a very short pipe at top, with a valve D. 

The tub B being allowed to descend by its own weight, 
the air within it was expelled through the opening D ; when 
again raised by pulling the handles attached to the ropes l l, 
the air was drawn up through the opening h, from the end 
of the descending tube, and by continuing this reciprocating 
action, a circulation was created at the very bottom of the 
shaft. 

No dimensions are given ; but it is conjectured that the 
lower tub a would be about 4 feet by 3 feet 6 inches, and the 
upper one b, about 3 feet by 3 feet. 

It was found capable of drawing off 4 cubic yards of air 
per minute. 

No additional men were employed to work it ; those at 
the top of the shaft, who got out the materials from the 
excavation, were only required to work this pump for about 
6 minutes every hour, to keep the air perfectly good at the 
bottom. 

It is in &ct an air-exhausting pump of large power and 
simple construction : if found useful, and required for regular 
service, it might no doubt be improved, and made more 
compact, portable, and easy of application. 

Insti^ad of using a pump or manual labour for drawing 
the air from the ends of galleries, the upper ends of the 
tubes are sometimes made to communicate with a tire kept 
constantly burning, to which the tubes furnish exclusively 
the requisite air. 

Improved ventilation is said to be obtained by double 
gallenes or driftways, with occasional air-holes connecting 
them. 
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The advantage in this respect can hardly be equal to the 
cost of canying on the double opening, if not necessary lor 
other objects. 

COST. 

No kind of work can be more variable in its cost than 
tunnelling, or driving galleries : so much will depend upon 
the quality of the rock, the depth at which the gallery is 
under ground, the facility of communication by more or less 
of confined galleries, shafts, &c., to and &om the actual 
work, — the amount of necessary ventilation, and the quantity 
of water to be drawn off, — that the expense may vary from 
2s. to £2, and much more, per cube yard. 

Where the rate is very heavy, it will probably be good 
economy to adopt the most refined improvements that will 
forward that portion of the operation which peculiarly leads 
to the extra expense. 

The following is the result of the cost of working out the 
•^oad tunnel of Drenodrohur, between Kenmare and Glen- 
gariff, during 1836 and 1837, in the coimty of Kerry, under 
many favourable circumstances. 

The piercing of this tunnel, which was 582 feet in length, 
through the summit ridge of the mountain, saved an ascent, 
of which the perpendicular height was from 60 to 80 feet, 
which, reduced from a constant rise of 1000 feet on each 
side, was of much value. 

The rock was stratified, varying in character from a 
granular to a compact silicious, and to a common clay slate, 
intersected by veins of quartz. It was all hard, some of it 
exceedingly so. 

The strata in one direction were nearly vertical to the 
horizon, excepting occasional veins of a few feet in thickness, 
which were more incHned ; and in the other direction, nearly 
perpendicular to the line of the tunnel. 

The rise in the tunnel was from both ends, and at the rate 
of 1 in 100, forming a summit in the middle, which was 
consequently nearly 3 feet higher than the entrance. 

The passage, as commenced, was meant to be 18 feet wide 
and 18 feet high; but subsequently, to save expense, the 
width of the roof or chord of the arch was reduced to from 
15 to 17 feet, and the part below the arch to 12 feet. 

The arch stood perfectly without any support, altliough cut 
very flat, and with a rise or versed sine of only 2 feet. 
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The cost of the different portions was as follows : — 

The roof or arch was first cut out, and contained sectional 
areas at different parts of about 96 and 90 feet, comprising 
an excavation of about 2012 cube yards in the aggregate, and 
cost £6555 16«. 8^., heing at the rate of about Qs. Qd, per 
cube yard. 

The body of the galleiy under the arch contained sectionaf 
areas of about 204 and 144 feet, comprising an excavation 
of about 3493 cube yards, and cost £599 1*. lid., being at 
the rate of about Ss, 5id, per cube yard. 

A small shaft, 6 feet by 4 feet, was opened to the depth 
of 33 feet, containing about 29^ cube yards, and cost 
£32 28, lOd., being at the rale of £1 Is, lOf J. per cube 
*urd.* 

The average cost of tunnel alone per cube yard 4«. 6id. 
,y ,y ,y „ and shafb . . • . 4«. 8^. 

The material from the excavation was deposited in hollows 
near the entrance at each end. 

The total cost of tunnel and shaft £1287 Is, 6d,, exclusive 
•f some miners' cottages built, and a few such contingencies. 

HEADS 07 BXPSK8E. 

Labour . . Miners and labourers . . 

„ , . Smiths (including coals . 

Iron . . . 13,109 lbs. at Is. Id, per lb. 
Steel ... 821 lbs. at It. per lb. . 

Gunpowder . 7946 lbs. at 1«. per lb. . 

Safety toe . 1745 coils, of 8 yards each« at 1$, 



£ 8. 
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8 


73 3 
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92 16 
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16 1 





397 6 





87 5 






£1287 1 5 



At the railway tunnel at Liverpool, the excavation of the 
rock is stated to have cost 4«. per cube yard ; the material 
was a sandstone, and, as it required to be lined nearly 
throughout with brick- wall and arch, was not probably 
very hard. 

it would form a most useful guide to engineers, if record 
were kept, and made public, of all the particulars of the actual 
experience in tunnelling and driving galleries, and sinking 
shafts : it might be kept without difficulty, and be made to 
afford very useful checks on the works during the operation. 

J. P. B. 

* This shaft proved eventually of little or no use, and had better 
have been omitted. 
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1v the following Memorandum, Major-G^n. Sir John 
Bnrgoyne describes the mode in use at Marseilles for 
enlargmg the inner end of the hole hj means of the action 
of add upon the calcareous rocks of that district. 

The process for blasting calcareous rocks at Marseilles is 
extremely simple ; it is merely to form a chamber or maga- 
zine at the bottom of the drifb by means of dilute acid, so as 
to admit of a larger charge of powder being employed for 
the blast than is available in the ordinary mode of proceeding, 
the rock being of a calcareous nature. The apparatus was 
somewhat rude, but it appeared to answer its purpose very 
effectually. The rock was pierced in the usual way, by a 
2i inch jumper, to the depth of 6 to 7 feet, generally in a 
slanting direction, according to the form and mass of the rock 
to be detached. They then introduced a copper pipe, the 
size of the bore, in the form sketched on the margm, and 
pressed the end a, which is open, down to the bottom of the 
hole, the orifice round the outside of the pipe at b being 
closed up tight with clay, so that no air coiud escape ; and 
the bent neck of the pipe o, which is open, hanging down- 
wards, with reference to the slope of the bore. Through 
the copper pipe at d was introduced a small leaden pipe, e, 
of about i inch diameter, formed with a funnel,^ at the top, 
and this passed down through the copper pipe to within 
about an inch of the bottom, the upper orifice of the ooapet 
tube round the leaden one at y being filled up with a packing 
of hemp. 

Matters being thus adjusted, dilute nitric acid was poured 
through the fiimiel and leaden pipe, and, on arriving at the 
bottom it produced effervescence, and at the end of a few 
minutes the frothy substance of the dissolved rock began to 
run out through the orifice of the bent tube at e. So long as 
they poured in the dilute add at /this action continued, and. 
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whenever they considered from the quantity 
of substance delivered through the pipe that 
the internal chamber had become of sufficient 
magnitude to admit the quantity of gunpowder 
required, the pipes were withdrawn ; the hole 
vei^ soon became dry enough, from the very 
action of the acid upon the limestone, to 
permit the chamber being charged without 
damage to the powder, and the blast was 
given in the usual way. 

The time occupied would of course vary 
according to the size of chamber required. 
The foreman of the works informed me that 
he had succeeded in forming a chamber capable 
of holding 25 kilos, of powder (about 55 lbs. 
English) in the space of 4 hours ; he showed 
an unwUlingness to give me the proportions 
of acid that he used, or the nature of it, and 
I did not therefore press my questions, being 
satisfied by the vapour that it was nitric acicC 
and the strength of the mixture must in all 
cases vary according to the greater or less 
proportion of calcareous matter existent in 
the rock to be acted upon. This may at all 
times be determined in a few minutes by 
experiment upon pieces of the stone, with 
acids of different degrees of strength. 

They were blasting very large masses from 
the foot of the hill, on which the Fort of 
Notre Dame de la Garde stands, on the south 
side of the town, for the purpose, in the first 
place, of obtaining sites for building, and at 
the same time making use of the debris for 
forming the new port which is in progress, 
and the foreman assured me that this new 
process had operated a very large saving to 
the MM. Lerm, Freres, who are the parties 
that have brought it into action. 

In March, 1845, a patent was granted to 
William Joseph Conrad Marif^ Baron de 
Liebhaber, of raris, for " Improvements in 
blasting rocks and other mineral substances 
for mining and other purposes, and in ap- 
paratus to be used in such works." The in- 
ventor's mode of enlarging the inner end of 
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the hole was described to consist in dissolving a portion of 
the stone by means of muriatic or other acid, diluted with 
about three times its weight of water. A tube is inserted in 
the hole and externally sealed round at the lower end with 
some composition which shall prevent the froth or vapours 
from the acid passing between the outside of the tube and the 
inside of the hole bored in the rock. Within this tube there 
is a smaller tube, through which the acid passed into the hole. 
These tubes are bent over at the top, and terminate in a 
vessel containing the acid, and which vessel receives the froth 
that passes up between the pipes. The inner tube is bent 
upward at the lower end so as to prevent the froth passing 
through the stone. When the hole is sufficiently enlarged, 
the contents of the hole are removed by a siphon or pump 
before drjring and charging with the powder. 

In addition to the important fSwjts given by G^en, Burgoyne, 
the following regarding some operations in blasting in the 
Jumna and at Delhi, conducted by Lieut. Tremenheere, may 
be quoted as useful and interesting. For the purpose of 
blasting in order to improve the navigation of the Jumna, the 
jumpers used were 6 feet long, and 2i inches in diameter ; 
the olasts 5 feet deep, and 4 feet from each other. The rate 
of boring varied from 2^ to 6 feet per day's work for 2 men. 
A double-headed jumper was used, to render the hole com- 
pletely circular for the reception of the canister, about 2^ feet 
in length, and 2 inches in diameter, and filled two-thirds with 
powder and the rest with sand. The small tube reaching ta 
the surface of the water contained quick match with a piece 
of slow match at the extremity. The canister, well greased, 
was placed in the hole without any additional tamping. 

At Delhi, the blasting was in dry rock, and, economy of 
powder being of more importance than economy of time, 
tamping was resorted to. For this a stiff red clay, slightly 
moistened, was employed, and the tamping bar was of wood, 
the priming wire of copper. Any dampness which might 
exist in the bore was obviated by a tube of coarse paper, 
greased on the outside. Fine mealed powder was used as 
priming, and a piece of port-fire for ignition. K the firing did 
not succeed, a fresh priming hole was bored in the tamping, 
or the mine abandoned. In large irregular masses of rock, 
the depth of the bore, or the intervals between the blasts, wiU 
generally represent the line of least resistance; and the 
following results were obtained in the rock at Delhi, which is 
hard quartz. The line of least resistance not exceeding 
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1 foot, a charge of 2 oz. is sufficient ; the line not exceeding 
4 feet, and the rock not being highly crystalline, 3 oz. per 
foot yttII be sufficient. The charges will vary with the tenacity 
of the rock, but the following may be a general guide : — 
the line of least resistance being 1, 2, 3, 4, 5, 6 feet, the 
charge will be 4, 8, 14, 20, 26, 36 ounces. On comparing 
the charges used at Delhi, where stiff clay was used as 
tamping, with those in the Jumna, where sand was used, the 
following table is the result : — 





WithcUrtampiiic. 


with sand. 


2 feet . • , 


8 


26-8 OZ. 


2i „ . . 


10 


33-5 „ 


3 „ . 


12 


40-2 „ 


4 ,. . . 


20 


53-6 „ 



The charges in the last column are to those in the second as 
3 to 1, nearly ; they are not, however, given as the least 
required, but are those actually used.* 

In the neighbourhood of Plymouth, the limestone, with 
which that district abounds, is raised in solid masses, of from 
3 to 10 tons' weight : it is used most extensively for building, 
and for lime manure. About 13 cubic feet weigh a ton. It 
is of a light blue or grey colour, generally free from metallic 
veins, but with some inmcations of manganese and ironstone, 
round pieces of the latter being found in clay beds, intermixed 
with the rock, and a vein of ironstone 4 inches thick at the 
surface of the rock, and dipping towards the south, has been 
opened. 

In the blasting of this stone, if a deep hole is required, a 
2-inch jumper or bit is used for about 4 feet, and a 1^ inch 
for the next 4 feet by one man ; then two men are employed 
with a li-inch to the depth of 14 feet, a l#-inch to the 
depth of 21 feet. A constant supply of water is required 
during the boring. The hole being well dried, about one- 
third IS filled with powder, saj 15 lbs.; a needle is introduced 
as far as possible without driving it ; the hole is tamped with 
dry clay to the top, and then covered with a little wet clay to 
prevent any of the loose particles falling in when the needle 
IS withdrawn. A reed fiUed with powder and split at the 
top, to prevent its falling to the bottom of the hole, is inserted, 
and a stone laid upon it ; the powder being ignited by a piece 
of touch-paper and a train, the reed flies to the bottom of 

* Report of Papers, Inst Civ. Engineem 
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tbe hole, and ignites the main load. The rock is generally 
cracked and loosened to a considerable extent, if not thrown ; 
in that case the needle is driven tlirough the tamping, and 
such a fresh charge is run through the needle-hole as may be 
requisite. From 6 to 8 tons of rock are generally blasted 
with 1 cwt. of powder. In July last, however, it was reported 
that with one charge of 1 cwt. of powder, in a hole 18 feet 
deep, no less than 1000 tons of the limestone rock, destined 
for the Plymouth Breakwater, were detached from their bed. 
We cannot answer for the entire truth of this report; but 
it is well known that, since the Breakwater quarries were 
opened in 1811, a great augmentation has been effected in 
the produce of the blasting there carried on. 

In blasting the white limestone of the Antrim coast, in the 
north of Ireland, it was found that one ounce of powder would 
rend 1412 cubic feet of the stone, when in blocks ; but the 
same quantity rent only 11*75 cubic feet of loose whinstone 
blocks. The specific gravity of the white limestone is nearly 
276, of the whinstone or basalt about 3 20. The limestone 
is similar to the chalk of England, in the flints which it con- 
tains ; but it is exceedingly indurated. The induration may 
be estimated from the fact that two men will bore one foot 
in depth in half-an-hour, with jumpers from li to 2 inches 
in diameter. 

The following account of the method pursued in getting 
the valuable granites of Scotland is written by a gentleman 
of extensive practical knowledge of the subj< ct. 

The granite quarries of Aberdeen and Peterhead, in the 
north of Scotland, are comparatively inexhaustible, and the 
granite which they yield of excellent quality. The manner 
of extracting the rock in these quarries is by boring, and 
blasting it with gunpowder. In this process the quarry-men 
use the ordinary "jumpers," having a piece of steel welded 
to one end, and made with an ed£;e similar to that of a stone- 
cutter's chisel, but much more obtuse. They are also made 
of different lengths — the long ones to follow the short, as 
the boring proceeds. Three men are employed in this depart- 
ment of the work — one sitting on the rock and turning the 
"jumper " round, while the other two strike alternately with 
hammers, each of which is about 12 lbs. weight. These 
bores are sometimes from 12 to 16, and often 18 feet deep, 
by about 2 J inches in diameter; and, when charged and 
fired, thev generally loosen a very great quantity of rock, but 
seldom ao "nuch more than merely move it. " Bulling ** is 
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tben had recourse to, and this consists of filling all the 
perpendicular cracks or fissUres, caused by the former opera- 
tion, with gunpowder, and firing it; hj which means the 
rock is shifted several inches from its bed, and often thrown 
some yards forward. The next process is to cut up the rock 
into the required scantlings, and this is done in the following 
manner: — A number of holes are cut in a straight line, 
about 3 inches long, 2 deep, and 3 inches apart, each tapering 
towards the bottom, into which iron wedges are inserted, and 
struck with a heavy iron hammer, beginning at one end of 
the row and striking them from end to end until the block 
gives way. 

Cutting with ^' Plug and Feather " is also had recourse to 
when the block intended to be split is very deep and sup- 
posed to be beyond the power of the ordinary wedges. In 
this case a row of circular holes, about 1^ ii^ch in (Uameter, 
5 or 6 inches deep, and 6 inches apart, are bored with a 
"jumper;" into each of these are put two "feathers" at 
opposite sides. (The "feathers," when in position, are 
merely inverted wedges, having circular backs, so as to fit to 
the curvature of the holes, the opposite sides being plain, to 
receive the wedges.) Between these " feathers " long wedges 
are then introduced, and driven, as in the former case, until 
the block is split asunder. 

In the Seventh Volume of the Professional Papers of the 
Corps of Eoyal Enginews,* Capt. Nelson, R.B., has re- 
corded some interesting and usefiU memoranda on the quar- 
r3ring of the Plymouth limestone ; from which paper some 
facts may be well quoted. This limestone is described as 
fine-grained and hard, abounding in organic remains, and 
varying in colour from light to dark grey. The tools used in 
these quarries consist of — ^the "jumper," or " bit," fi^m 8 to 
30 feet in length, and from 1 to 2^ inches in width ; — ^the 
" pitching bar," from 6 to 8 feet long ; — the " tamping bar," 
which is i inch diameter for l^- inch bit ;~ the " needle," 
which is from 3 to 13 feet in length ; — ^and the " ripping " or 
" crow bar," from 6 to 14 feet long, and from 2i to 3 inches 
square at the lower end. In addition to these the " feather 
and tearers " consist of a wedge about 6 inches long, 1 ox 
li inch square at one end and i inch square at the other 
end, and two thin wedges having one flat face and the other 
segmental ; so that the central "feather " with two " tearers," 
one on each side, serve to fill pretty well a round hole in the 

♦ Weale. 1845. 
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stone. The quany-carts are short and very stoutly built, 
lined with strips 2^ x i inch flat iron ; they carry from 1^ 
to IJ tons — they are 4 feet long, 3 feet 6 inches wide at tlie 
hind end, and 3 feet 4 inches in front ; the sides about 1 foot 
C inches high, and the front much higher ; they cost about 
151. each, and, with repairs, will last nine years. The navi- 
gator-barrows, which are of the common pattern with wooden 
wheel, cost 10^. 6d, In the quarry, where they are used all 
day, and loaded and worked quietly, they are entirely of 
wood; but at the wharf, where the work is shorter and 
sharper, a body of plate iron is used on a wooden carriage, 
iron carnages for the barrows would be more economical, 
but too heavy for the quarry-men. Iron wheels are considered 
too destructive to the planks. The barrows last from three 
to five months, according to the work, and without repairs. 
The planks, which are of yellow pine, and in the quarry 
generally about 25 feet by 14 inches by 2^ inches, hooped 
and bolted, cost 4^^^. per superficial foot. At the wharf the 
planks used are longer, broader, and thicker ; they last about 
six months. The "jumpers *' cost 5d, per lb. For the re- 
moval of heavy stones the " devil cart " is used ; this consists 
of a pair of large and strong wheels with a stout and well- 
braced axle, to which a long central pole is fiixed ; the front 
and lower end of which is carried upon a small wheel or 
roller. To this cart the heavy stones are slung by double 
chains, one of which is attached to the hinder side of the 
axle, and the other to the pole as near to the axle as may be 
necessary, according to the dimensions of the stone carried. 
The quarry screw-jack is an implement of great power, re- 
sembling the ordinary tool of that name, but having a more 
extensive series of gearing within ; the winch is on a pinion 
of four teeth working a wheel of fourteen ; on this is another 
pinion of four teeth, working a wheel of eighteen, on which is 
a three4eethed pinion or triple stud engaged with the vertical 
ratchet. 

Capt. Nelson's memoranda refer to three quarries in the 
neighbourhood of Plymouth, in the two first of which the 
limestone is chiefly raised in blocks of from ^ to 1 cwt., 
either to be burned on the spot for lime, or shipped for 
different places in the neighbourhood for that purpose. 
The stone is likewise wrought for curb-stones and paving 
slabs, but cannot be got in masses large enough for wharf 
ashlar. In the third quarry the stone is raised in the largest 
blocks with heavy charges, and used for bi-eakwaters and 
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wharf ashlar. The largest block known to have been raised 
in this quarry weighed about 200 tons ; and so variable are 
the effects of blasting, that, on one occasion, upwards of 
1000 tons were detached by a charge of 100 lbs. of powder 
in a 30 feet hole. It is usually considered that, well stratified 
as the rock in this quarry is, where the mass to be raised is 
not jammed at the sides, and where the beds dip to the front 
of the quarry, a quarter of a pound of powder per ton will 
dislodge the block sufficiently. 

In quanr No. 1, one man raises 6 tons per day, besides 
loading and unloading the cart, and removing the rubbish 
produced 60 yards. Wages (in 1839 ?) 16*. per week, on 
piece work. In jumping, 16 feet, in four 4-feet holes, is 
considered a good day's work. Powder used, about 4 lbs. for 
16 tons ; one-fourth of the hole filled with the charge. 

In quarry No. 2, one man in one day (10 hours net time) 
will put down 20 feet with l^-inch bit, or 16 feet with 2-inch 
bit ; depth of the charge from one-third to one-half that of 
the hole ; half a pound of powder allowed per cubic yard of 
solid rock. A man will turn out and break up for rubble 
«tone 4 tons, or 66 cubic feet per day ; or 6 tons without 
breaking. When thus broken into pieces of from i to J cwt. 
each, and delivered at the kiln (close to the quarry), he will 
break it up for burning at one load of 16 tons, or 224 cubic 
feet per day. 

In quarry No. 3, 20 feet of li to li-inch bit is reckoned 
a good day's work, although one man puts down 30 feet, 
which is very unusual ; in deep holes, one man is employed 
for the first 6 feet, two for the next 10 ; and, after 16 feet, 
three men, provided the hole is not more than 10° or 12° out 
of the perpendicular ; if it is, even five or six men are put 
on after the first 16 feet. In such holes, it is usual to 
commence 'with a 2i-inch bit, and end with about li inch. 
In a 30 feet hole, 2^ inch in diameter, 25 lbs. of powder are 
used for the first charge. If this does not succeed, it will, 
at all events, probably disturb the beds beneath sufficiently 
to allow space for the repetition of the blast, perhaps three 
or four times over, increasing somewhat every time before 
the final charge is introduced; as the block, if not well 
detached on all sides first, will be destroyed by the premature 
application of the full charge. 

SLATE QUABBTINO. 

In order to understand the peculiar methods adopted in 
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Blate quarrying, it is necessary to refer to the distingiiialiing 
geological feature of the slate formation. Slate, bectides 
being divided by fissures which form beds and joints to the 
masses, as is the case with all stratified materials, is divisible 
into lamiusB or plates of any required thickness, the direction 
of which laminsB is commonly vertical, or nearly so, but 
always oblique to, and never coincident with, either the beds 
or joints. This peculiarity of structure affords the means of 
splitting the slate and adapting it so suitably to the extensive 
purposes for which it is employed in great Britain, and, at 
the same time, determines the most convenient manner of 
quarrying to be by detaching the masses of slate vertically 
from the face of a trench or gullet. The cutting of this 
gullet into the side of the slate mountain is, therefore, the 
first operation in the working of the quarry. As the trench 
proceeds, and the height of the surface above becomes 
greater than convenient (say about 40 feet), a second trench 
18 commenced above the other, and similarly carried onward 
into the mountain until the height above reaches a similar 
quantity, when a third trench is commenced, and so on. In 
the great slate quarries of Bangor,* sixteen of these stages 
are in progress together; the lower ones being graduallj 
widened, by the getting of the slates, as the upper ones are 
advanced. In the upper part of the quarry, the slates are 
removed with crow-bars ; but the slates become harder as 
they are lower from the surface, and require the use of gun- 
powder to detach the main masses. The miners engaged in 
drilling the holes for the powder are suspended by ropes from 
the upper parts of the rock, and are liable to many and 
severe accidents. After the slates are detached by powder 
or otherwise, they consume considerable labour in splittinfl^ 
them with wedges and mallets into marketable sizes, and 
reducing them to the several sizes required for roofing and 
other purposes. The means of communication between the 
several stages or levels (each of which in the Bangor quarry 

^ TbesA quarries are about sue miles south-east of Bangor, and are 
worked in the mountain called in Welsh T Bron, a name signifying a 
hrmst or |>ap, and commonly given to any hill the contour of which has 
a flowing outline, free from abruptness. This moimtain, T Bron, is on 
the side of a deep valley, through which the river Ogwen flows towards 
Lavan Sands, where it falls into the sea nearly opposite Beaumaris. An 
interesting paper on these quarries, to which we are indebted in 
preparing this notice, is contained in the Quarterly Papers on 
Engineering, voL iii., part 5. — (Weale, 1845.) 
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is about 40 feet high, or nearly 640 feet from bottom to top) 
are provided by seu-acting inclined planes, of great extent, 
laid from each stage to the contiguous stages. On these 
planes rails are laid to facilitate the motion of the trucks in 
\i'hicli t])e slate is conveyed. At the head of each plane, a 
drum and break-wheel are fixed to regulate the velocity of 
the descent of the loaded trucks towards the level below. 
From the quarry at Bangor the slates are conveyed upon a 
railway to the shipping-port, a distance of about seven miles. 
On the several stages long; ranges of sheds are erected for 
the men employed in cuttmg and shaping the slates. The 
slates for roofing are merely split to the required thickness 
with long iron wedges, and then trimmed with the cutting 
knife, by being pla^d on a fixed steel edfi;e. 

The dykes of greenstone, with which slate rocks are fre- 
quently traversea, are found to injure the slate, and destroy 
the cleavage of its structure for a considerable breadth. 
These dykes are usually removed by blasting, and form a 
very expensive impediment to the operations of the slate- 
miner. 

At the Bangor quarries, about 1000 men are commonly 
employed, and the profits are understood to amount to about 
£80,000 per annum. 

Some of the slate quarries of France are worked by sub- 
terranean galleries. In those of Bimogne the main gallery 
is about 40O feet lon^, with several lateral galleries, 200 feet 
in length, on each side of the main gallery. These galleries 
are about 60 feet high, and contain about 40 feet in height 
of good slate, the remainder consisting of quartz, or being 
injured by contact with volcanic substances. 

At Angers, in France, are other slate quarries, worked in 
open cuttings, and which afibrd blocks, of which most of the 
houses of that town are built. In the German States 
there are several slate quarries : at Eisleben, in Saxony ; at 
Hmenau ; Mansfield^ in Thuringia ; and at Pappenheiin, in 
Franconia. Switzerland is said to possess no slate, except in 
the valley of Semst, in the Canton of Glaris. Italy hab 
only one quarry, that at Lavagna, in G^noa, the slate from 
which is used for lining the cbtems in which olive oil is 
kept* 

* (Papers on EngineeriDg, vol. iiL, part 5.) The application of 
slate here stated in the text is a good proof of the close texture and 
comparatiye impermeubilitj of sliKte. M. Vialet states that he is able 
lo doubla the natural hardness of this material by baking it in a brick 
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7IBIN0 MDTBS BY TOLTAIO ELBCTBICITT. 

The removal of a large mass of the chalk cliffs near Dover 
for the works of rhe South-Bastem Bailway Company, by a 
grand blasting operation effected by three mines, simul- 
taneously fired by electrical communication, was a work of 
such surpassing magnitude, and so completely successful in 
its results, that a brief accoimt of the arrangements made 
and effects produced may be suitably introduced in an 
Appendix to the valuable treatise of Sir J. F. Burgoyne. 
We have at the same time the greater pleasure and greater 
fiieility in doing this, because the operations have been so 
well aescribed by the able officer under whose experience 
they were conducted,* and from whose description the 
following notice has been abridged. 

The Bound Down Cliff is situated 2 miles W, of Dover, 
Its summit is about 380 feet above high-water mark, and 
70 feet above that of the Shakspeare Cliff, which is i of a 
mile nearer to the town. It is composed of a compact chalk, 
principally without flints, forming the lower bed of the chalk 
formation. The dip inclines from W. to B. about 40 feet in 
a mile. The base jutted out to seaward considerably beyond 
the general line of cliff to the westward, under and fuonff 
which (from the Abbott's Cliff Tunnel towards Folkestone) 
a distance of 2 miles of the South-Eastem Bailway is passed 
on an open embankment, defended by a substantial retaining 
wall of concrete. The Shakspeare Tunnel (which forms the 
portion of the same line nearest to Dover) had been for 
some time completed, and its mouth or entrance from 
Folkestone is about 400 feet eastward of the central part of 
the base of Bound Down. This intervening point, of about 
300 feet in length, was therefore to be passed either by a 
tunnel or an open cutting : the former had been commenced, 
and the prelimmary driftway formed on the upper level, when 
heavy slips occurring on eitner side, which partially extended 
to the cliff in question, materially impaired its stability : the 

kiln till it assumes a red colour. Subject to the severe test of Brard's 
process (boiliug in sulphate of soda), slate is found to betray no 
symptoms of decomposition* 

♦ Account of the Demolition and Removal by Blasting of a portion of 
the Hound Down Clifl^ near Dover, in January, 1843. By Lieut. Hut- 
chinson, B.K Prof. Papers of Royal Engineers, vol. vi p. 188. — ( Weale,) 
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idea of tunnelling was therefore abandoned, and it wa^ 
determined to remove this point by blasting, and to continue 
the open railway and sea wall up to the mouth of the 
Shakspeare Tunnel. For this purpose the principle adopted 
was to employ large charges, placed a little above the 
intended level of the railway, which, by blowing out the base 
of the cliflf in their front, would cause the downfall of the 
superincumbent mass. The result fully j ustified the adoption 
of this method. 

The experience gained in the many and extensive mining 
operations on this line of railway led to the adoption of a 
charge in lbs., bearing the proportion of -^^ of the cube of 
the line of least resistance in feet, corresponding with the 
rule laid down by Sir J. F. Burgoyne, and which had been 
found sufficient for the works at Dover for blasts with 
charges varying from 500 to 1200 lbs. This calculation was 
therefore aaopted in the present instance, and, as the length 
of face to be removed was great (300 feet) three charges 
were used, one in the centre at the back of the salient point, 
the. others at the distance of 70 feet on either side. From 
careful measurements the lines of least resistance were found 
to be — 

Centre ... 72 feet to face of cliif. 
East and west • . 56 ditto ditto. 

By calculation the quantity of powder required for the centre 
chamber was found to be 6750 lbs., which was increased to 
7500, to provide against contingencies. For each of the two 
end chambers an fdlowance of 5500 lbs. was made, and thus 
the total quantity of powder became 7500 + 5500 + 5500 = 
18,500 lbs., or about 8i tons. The preliminary driftway 
already mentioned was used for excavatmg to the chambers, 
being about 4 feet wide and 5 feet 6 inches high ; but, being 
cut on the upper level of the intended tunnel, it became 
necessary to smk shafts a depth of 17 feet to reach the lower 
level of the chambers 3 feet above that of the railway. These 
shafts were formed as truncated cones, 5 feet diameter at 
bottom, and 3 feet at top, thus affording additional security 
for the retention of the tamping. At the bottom of these 
shafts, galleries 5 feet 6 inches high were cut at right angles 
to the driftway, and continued to the points determined for 
the chambers. These branches also were made of a dove- 
tailed form, 2 feet wide at the shaft, and 4 feet 6 inches at 
the other extremity, to assist in securing the tampiijg. The 
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chambers were excavated at right angles to the galleries, and 
of the following dimensions, viz.: — 

Centre chamber . 13 ft. by 5 ft. 6 in. high, by 4 ft. 6 in. 
Two ends of do. . 10 ft. by 5 ft. 6 in. high, by 4 ft. 

The voltaic batteries consisted of fifty-four of Darnell's 
cylinders, being eighteen for each mine. These cylinders 
were made of sheet copper, 32 oz. to the superficial foot, 

1 foot 10 inches long, and 3i inches diameter, placed in sets 
of six each, each set in a deal box 1 foot 4 inches by 1 foot, 
by 1 foot 9 inches high, with a lid 4 inches deep. The 
zinc rods were 1 foot 8 inches long, and f inch diameter. 
These batteries differ from the common plate-battery also in 
employing two liquids separated by a partition of animal 
membrane, or plaster of Paris. The liquid into which the 
zinc rod is plunged is sulphuric acid diluted with eie;ht times 
its quantity of water. The liquid on the outside of the par- 
tition is a saturated solution of sulphate of copper. 

Besides the eighteen Daniell's cylinders, two plate-bat- 
teries were applied for each mine in order to guanl against 
the injury which it appeared Daniell's apparatus was liable 
to by the low temperature of the season. In these plate- 
batteries the solution was weaker, being only 1 of the acid to 
12 water. The plate-batteries were contained in boxes 3 feet 

2 inches by 12 inches and 8 inches deep, of 1 inch deal, and 
each divided into 20 cells 1^ inch wide, by partitions of 
J inch deal, the cells being coated with a waterproof com- 
position of spirits of wine and sealing-wax. The 20 pairs of 

S)lates forming the series, each composed of a zinc plate 
[ inch thick, in a rectangular case of copper 10 inches long, 
1| inch wide, and 8 inches deep, without top or bottom, 
were united by stout copper wire attached to the zinc plate 
of one pair and the copper plate of the adjoining pair. 

For the purpose of firing, it was determined to use three 
sets of wires and three separate batteries. The total length 
of wire required was thus 6000 feet, being 2000 for each 
mine, and ^ inch diameter. The wires were coated with a 
composition of pitch 8 to bees'-wax 1, and tallow 1, and 
covered with a coarse cotton tape, bound round while the 
composition was hot. The two wires thus prepared were 
insulated by being laid one on each side of a 1^ inch rope, 
and overlaid by a stout packthread turned once round each 
wire at every coii. The whole was then bound over with 
2 yarn-spun yam, and finally coated with the same compo- 
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sition of pitch, wax, and tallow. One man with a labourer 
prepared this wire at the rate of 6 feet per hour. 

The cartridges or bursting charges were made 9 inches 
long and 2 inches in diameter, the top and bottom being 
secured by cork bungs. The priming wires, ^^ of an inch 
in diameter, projected 1 foot 6 mches beyond the top. They 
were passed through a slip of wood If inch square and 
i inch thick, inserted at the centre of the tube, and their 
ends clenched on a circular plate If inches diameter, lying 
over the lower cork bung. The platinum wire was fixed 
half-way between the two. The powder, which was of the 
finest sporting quality, was poured in from the top. The 
upper bung, being in halves, one-half was removed for this 
purpose, and refixed when the tube was filled : the top and 
bottom were then coated with a waterproof composition. 
Two of these cartridges, after being tested by the galvano- 
meter, were attached to each of the conducting wires, the 
wires being perfectly insulated, and covered with spun yam. 
The cartridges were extended to a distance of 3 feet apart, 
and buried in the centre tier of loose powder in the box. 
The wires were then carried from the chambers along grooves 
cut in the sides of the galleries, shafts, and driftway, and 
covered with wooden troughs. 

For the tamping, a dry wall was built in chalk across the 
end of each chamber, and the galleries and shafts were after- 
wards filled in with the same material, which was extended 
in the driftjway to 10 feet on each side of the top of the 
shafts. The tamping occupied about twenty hours with four 
men to each mine. 

For containing the charges of powder, the deal cases were 
constructed within the chambers of the following dimen- 
sions : — 

Boxes.— Centre 11 ft. by 4 ft. 3 in. by 3 ft. 6 in. 
„ Ends 10 ft. by 2 ft. 8 in. by 3 ft. 3 in. 

The powder was deposited in the boxes, in bags holding 
50 lbs. each ; the tiers above the centre were placed with 
their mouths downwards, those below it with their mouths 
upwards. 

The circuit being completed at each battery by pre- 
arranged words of command, the mines were fired simult*. 
neousiy on the 26th January, 1843, at 2*20 p.m. The ignition 
was followed by a deep hollow sound, and the efiect was 
described to resemble the appearance of the fall, or rath^ 
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flowing, of lava from the side of a mountain, assuming a 
gently undulating wave-like motion, as the mass slid along 
the bottom and into the sea. The mass fell exactly as had 
been desired, and the quantity removed was estimated at 
more than 400,000 cubic yards, being a parallel mass or slice 
from the inclined face of the cliff, and averaging 380 feet in 
height by 80 feet in thickness, and 360 feet in length of face. 
The operation thus successfully conducted and completed, 
without the slightest accident, saved about 7000Z. to the 
South- Eastern Railway Company, and reflects the highest 
credit upon Lieut. Hutchinson, Messrs. Cubitt, Wright, and 
Hodges, and all other parties concerned. 



PART II. 



STONES USED IN BTHLDINa. 



To the architect and the engineer, alike, is a knowledge of 
the materials which he has to employ, or to deal with, of 
supreme importance. And, were it worth while to inquire 
the rank which each class of materials occupies in the scale of 
professional consideration, we should start upon the fact that 
those substances which, for their substantial properties and 
enduring character, are selected as the foundations and the 
exposed external parts of our buildings and structures, claim 
our first and most attentive examination. Frequently, in- 
deed, local circumstances will define the limits within which 
the selection must be made ; but there are few, if there are 
any, cases in which the designer is altogether denied the 
privilege of selection ; while in many instances an acquaint- 
ance with the materials at his disposal will open a wide field 
for the exercise of his judgment in aiming at current economy 
and permanent preservation. 

In the few pages left to us in the present volume, we pro- 
pose to follow up the account given of the methods of getting 
or quarrying stones, &c., by describing the several properties 
of the leading classes of those materials which fit them for 
the purposes of construction, and which should lead to the 
adoption of one or other of them, according to the service 
tJ^ey may be required for. 

W ithout attempting to observe the classification laid down 
by geologists, we propose to treat of stones under the four 
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general divisions of Chranites, Slates, Limestones, and Sand- 
stones, including under each of these general heads such 
constituents or subordinate combinations of each as may 
appear essential to be noticed in this rudimentary outline 
of a really extensive and highly important department of 
practical science. 

GBANITE. 

This rock, which appears to have originally been a fiised 
mass, and subsequently to have undergone the process of 
crystallisation, is of a gra/nular structure, that is, consisting 
of separate grains of different substances, united, apparently, 
without the aid of any intermediate matter or cement. These 
substances are quartz, felspar, and mica, each of these being 
a compound. The infinite variety of proportions in which 
these several constituent elements are united in the mass, 
occasions the great diversities of colour and appearance of 
the several kinds of granite, and also affects in a much more 
important manner the enduring characteristics of this valu- 
able material. Thus its colour varies from light grey to a 
dark tint closely approaching black, and is to be found of all 
shades of red, and many green. Of the constituents of 
granite, quartz is a substance of a glassy appearance, and of 
a grey colour, and is composed of a metallic base silicium 
and oxygen : felspar is also a crystalline substance, but com- 
monly opaque, of a yellowish or pink colour, composed of 
silicious and aluminous matter, with a small proportion of 
lime and potash ; mica, a glittering substance, principally 
consists of clay and flint, with a little magnesia and oxide of 
iron. Instead of the mica, another substance, called horn- 
blende, is found in some granites : hornblende is a dark crys- 
talline substance, composed of flint, alumina, and magnesia, 
besides a large proportion of the black oxide of iron. Granites 
in which homolende exists are sometimes called Syenite, 
having been first fcTund in the island of Svene, in Egypt. A 
similar rock is found in Scotland, in Aoerdeen, and in the 
Isle of Arran. 

Granite is found in mountain-chains, and usually in rugged 
outlines, in nearly all parts of Europe. In the Pyrenees 
it is found in masses of piles or columns. In Germany it 
forms the material of those famed scenes of supernatural 
tradition, the Brocken and the Hartz Mountains. Granite 
forms the bold ridges of Switzerland and the Savoy. In 
England, this valuable rock occurs in Devonshire and 
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Cornwall, also in North Wales, Anglesea, the Malvern Hills 
in Worcestershire, Chamwood Forest in Leicestershire, and 
in Cumherland and Westmorland. Granite rises near the 
foot of Skiddaw in Cumberland, and there are masses of it 
on the banks of Ulswater. It is found in the mountains of 
Armagh and Wicklow in Ireland; and Mr. Bakewell supposes 
that the same formation of this rock, which occurs on the 
western side of England, is continued under the Irish Channel, 
or, if interrupted, it rises again in the Isle of Man, and in 
the counties of Dublin and Wicklow in Ireland. Granite 
blocks are found in the beds of some of the rivers in the 
north-west parts of Yorkshire, and in clay pits in Cheshire 
and Lancashire, at great distances from any quarries where 
the stone is obtainable. Most of the granite met with in 
Chamwood Forest is of the kind called Sienite^ and already 
described. A continuation of the same description of rock 
appears upon the surface, near Bedworth, in Warwickshire. 

in the granite of Cornwall the felspar is usually white, but 
in the Scotch granite it is commonly red. Among the 
celebrated works of which granite forms the material, may 
be named the monuments of Ancient Egypt and of Thebes, 
the celebrated block used as a pedestal for the statue of Peter 
the Great in St. Petersburgh, the columns in the church of 
the Casan in the same city ; and in lilngland the columns in 
the King's library in the Museum, and the bridges of 
London, &c., &c. 

Although all granites are similar in structure, the difference 
in the proportions of its constituent substances occasions 
great difference in its enduring and useful properties. Some 
varieties are exceedingly friable, and liable to decomposition, 
while others, including that known as Sienite, suffer but 
imperceptibly from moisture and the atmosphere. Some 
remarks upon the properties of a Sienite, the " Herm 
Granite " of Guernsey, published in the first volume of the 
Transactions of the Institution of Civil Engineers, may be 
here usefully quoted : — 

" The Herm granite, as compared with Peterhead, and 
Moorstone from Devon or Cornwall, is a highly crystallised 
intermixture of felspar, quartz, and hornblende, with a small 
quantity of black mica, the first of these ingredients hard 
and sometimes transparent in a greater degree than that 
found in other British granites, — the contact of the other 
substances perfect. It resists the effect of exposure to air, 
and does not easily disintegrate from the mass when mica 
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does not prevail ; but, as this last is usually scarce in Guernsey 
^pranites, the mass is not deteriorated by its presence as 
in the Brittany granites, where it abounds, decomposes, 
stains, and pervf^es the felspar, and finally destroys the 
adhesion of the component parts : — vide the interior columns 
of St. Peter's Port church (Guernsey), which is built of it, 
for an instance. The quartz is in a smaller quantity, and 
somewhat darker than the felspar in colour : the grains are 
not large, but uniformly mixed with the other ingredients, 
The hornblende, which appears to supply the place of mica, 
is hard and crystallised m small prisms, rarely accompanied 
by chlorite : its dark colour gives the grayish tone to this 
granite, or when abundant forms the bliie granite of the Yale 
parish. This substance is essentially superior to mica in the 
formation and durability of granites K>r strength and re- 
sistance ; consequently its presence occasions more labour in 
working or facing the block, and its specific gravity is 
increased. The mica is inferior in quantity to the hornblende, 
and usually dispersed in small flakes in the mass ; — it may, 
with chlorite, be considered rare." 

'* The compact nature of a close-grained granite, such as 
the Yale and Herm stone, having the felspar highly crystal- 
lised and free &om stained cracks, seems well calculated to 
resist the effect of air and water. When the exterior bruised 
surface of a block has been blown off, it is better disposed to 
resist decay ; — if the surface blocks of the island are now 
examined after the lapse of ages, it will be found to hav© 
resisted the gradual disintegration of time in a superic. 
degree, when compared with lar^e grained or porphyritie 
granite ; when exposed to water and air, there is no change 
beyond the polish resulting from friction of the elements. 
Among the symptoms of decay, disintegration prevails 

Senerdly among granites, usually commencing with the 
ecomposition of the mica; its exfoKating deranges the 
cohesion of the grains, and it may be considered then to be 
the more frequent mode of decay." 

" The churches of the Yale and St. Sampson (Guernsey), 
although much of the materials are French and Aldemey, 
bear many proofs of the above remarks : these erections date 
A..D. 1100 — 1150. The ancient buildings of decided Herm 
and Yale stone must be sought for among the old houses in 
the northern parishes of Guernsey, where they not only 
encounter the effect of air and water (rain), but the sea air 
and burning rays of the sun. Disintegration alone appears 
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going on by slow degrees, but in no case affecting tbe interior 
of the stone, and so gradual and general as not to deface the 
building materially ; indeed, the oldest proofs taken from 
door-posts, lintels, and arches, have scarcely lost their original 
sharpness or sculpture. The pier of St. Peter's Port and 
bridge of St. Sampson's may also be mentioned. 

" The shore rocks in like manner do not show any material 
change of surface by wearing ; where the force of the tide is 
strongest, a slight smoothness alone may be observed on the 
exterior, and* in many instances each substance possesses 
this polish without being levelled down to a fokce^ 

" Vale stone on the northern point of Guernsey produces a 
finer grained Sienite than Herm, more hornblende in it, and 
specific gravity greater. The Herm is somewhat larger 
grained, but equally good for every erection where durability 
IS the chief point. The Oat-avrvoque stone in the western 
part of Q-uernsey must be considered of a different structure 
to the above : it is a fair and good stone, and appears to last 
well ; its schistose texture must ally it to the gneiss series. 
In colour it is much the same as the blue granites, the felspar 
is brilliant and the hornblende prisms are well defined ; there 
is more chlorite in it, and it is easier to work." 

From the same volume, the following interesting results of 
experiments upon the relative wear of seven different kinds of 
granite and one whinstone are extracted, as peculiarly 
valuable in the choice of materials which will be exposelj 
to similarly destructive forces. 

** Table shotoing the remit of Experiments made wnder the direction nf 
Mr. Walker, on the Wea/r of different Stones in the Tramway on the 
Commercial Rocui, London, from 27th March, 1880, to 2ith Augusif 
1831, being a period of seventeen m/owths. 



Name of stone. 



Sup. 

area in 

feet. 



Original weight. 



Loss of 
weight 
by wear. 



per sup. 
foot. 



Relati^ 
losses, 



d 



Guernsey 

Herm 

Budle 

Peterhead (blue) 

Heytor 

Aberdeen (red) .. 

Dartmoor 

Aberdeen (blue).. 



4-734 
5-250 
6-336 
3-484 
4-313 
6-375 
4-500 
4-823 



cwt. qrs. lbs. 



12-76 
8 24-25 

60-75 

1 7-50 
15-25 
11-50 



7 2 

6 2 25-00 

6 2 16-00 



lbs. 

4-50 

6-50 

7-76 

6-26 

8-25 

11-50 

12-50 

14-75 



lbs. 
0-951 
1-048 
1-223 
1-795 
1-915 
2139 
2-778 
3-068 



1-000 
1-102 
1-286 
1-887 
2-014 
2-249 
2-921 
3-216 
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" The Commercial Eoad stonewaj, on whicli these experi- 
ments were made, consists of two parallel lines of rectangular 
tramstones, 18 inches wide by a foot deep, and jointed to each 
other endwise, for the wheels to travel on, with a common 
street pavement between for the horses. The tramstones 
subjected to experiment were laid in the gateway of the 
Limehouse turnpike, so as of necessil^ to be exposed to all 
the heavy traffic /rewt the East and West India JDocks. A 
similar set of experiments had previously been made in the 
same place, but for a shorter period (little more than four 
months), with, however, not very different results, as the 
following figures, corresponding with the column of " relative 
losses,** m the foregoing table will show. 

« Guernsey . . 1000 Peterhead (blue) 1-715 
Budle . . . 1-040 Aberdeen (red) . 2-413 
Herm . . . 1*156 Aberdeen (blue) 2*821 

All the above stones are granites except the Budle, which is 
a species of whin from Northumberland, and they were all 
new pieces in each series of experiments." 

The relative hardness, or resistance to crushing, of the 
several kinds of granite in common use, is exhibited in the 
following Table of Experiments made with an hydrostatic 
press on specimens of the sizes stated in the Table. 

These experiments were made with a 12-inch press, the 
^oump one mch diameter, and the lever 10 to 1 ; — ^the me- 
chanical advantage therefore 144 x 10 = 1440 to 1. The 
weights on the lever were added by 7 lbs. at a time ; — each 
addition therefore equivalent to 1440 X 7 = 10,080 lbs. or 
4^ tons. 

In consequence of the smallness of the specimens, the 
press was filled with blocks to the required height, and with 
these the surplus effect of the lever was 4^ lbs. at 10 to 1, 
which strictly should be added to the pressure ; but, as the 
friction of the apparatus is equal to the effect of the lever, it 
is dispensed witn in the calculation. 

The column containing the pressure per square inch 
required to produce a fracture gives the true value of the 
stone, as the weight that does so would possibly completely 
destroy the stone if allowed to remain on for a length of 
time. It should also be observed that, from the exceedingly 
short time allowed for the experiments, the results are 
probably too high. 
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The method pursued in quarrying the Peterhead granite 
has been already described at page 78. 

Some experiments upon the granites of Ireland were 
reported to the Geological Society of Dublin, in January, 
l&M. These experiments were instituted to show (among 
other results) the weight of water which the stones would 
imbibe when immers^ in water. The size of the stones 
immersed was 14 inches long and 3 inches square. They 
were placed on their ends in 16 inches of water, and were 
unifonnly immersed for 88 hours, having been brought to a 
dry state before immersion by being kept some time in a 
room at the ordinary temperature of domestic apartments. 
They were carefully weighed before and after the mimersion. 
The average weight of several specimens of the stones was 
170 lbs. per cubic foot : the maximum being 176, and the 
minimum 143 lbs. The Newry and Kingston granites 
absorbed a quarter of a pound of water to the cubic foot ; the 
Carlow, irom li to 2 lbs. ; and the Glenties, from Donegal 
(between granite and gneiss), 4 lbs. 

Serpentine and Porphyry are sometimes classed as varieties 
of granite ; but more properly as distinct rocks of the same 
primary character as granite. Serpentine is a valuable 
material for the ornamental purposes of architecture, being 
distinguished by its variety and richness of colours ; these 
are generally light and dark green of various shades, inter- 
mixed in spots or clouds, resembling the spots on the skins 
of serpents (whence its name). Some varieties of this rock 
have also a red colour ; others are found having an inter- 
mixture of crystalline white marble, and these are known as 
verde antique, highly valued for sculpture of ornamental 
character. Some kinds of serpentine are crystalline, and are 
called Schiller spar or diallage. In some of these rocks, 
magnesia exists in the proportion of 48 per cent. 

^rpentine is found in Cornwall witn a micaceous rock 
overlying the granite, and forms part of the promontory 
callea the Lizard Point ; it also occurs in the same county, 
near Liskeard. It is not met with elsewhere in England ; 
but in Anglesea beautiful varieties of the red and green- 
coloured are found in beds of considerable thickness, 
associated with the common slate rocks of the district. The 
mixture of serpentine with tcHc or steatite becomes soft, and 
forms the substance csiHedL potstone, which resists fire, and is 
used in Switzerland, Lombardy, and Egypt, for culinary and 
other purposes. 
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SLATE. 

In treating of slate as a material of common utility to the 
builder, it wm be scarcely necessary to do more than enume* 
rate the several varieties which are known under the general 
term slate, but distinguished one from another, and &om the 
slate of general utility, by a peculiar prefix. Thus, the 
geologist recognises mica skUe, talcous slate, flinty slate, and 
common, or clay slate. Of these, the last only is a material 
of extended use in the arts of building and construction. Of 
the others, the first, or mica slate, is a compound of quartz 
and mica, with sometimes a little felspar. The several 
varieties of this rock are dependent on the proporticm of 
mica contained in each, and on the comparative fineness or 
coarseness of the constituent particles. If the felspar abound, 
the compound passes into a form of rock known as gneiss ; 
and if the mica exist in only small proportion, the material 
assumes the form of quartz rock. The talcous slates are 
distinguished by their green colour, and contain a large 
proportion of magnesia. One variety of this kind of slate 
contains particles of quartz, and is sometimes used for hones, 
under the name of whetstone slate. The third variety on our 
list, flinty slate, contains a larger proportion of flinty or 
silicious matter, and assimilates to the scaly structure of 
flint. Possessing the silicious earth, but not the scaly kind 
of formation, this slate passes into a rock known as hornstone 
by us, and as vetro-silex by the French. If it contains 
felspar in crystals, it is distinguished as hornst-one porphyry. 
All of these varieties of slate are foimd alternating with each 
other in the same rocks in North Wales, and in the Cham- 
wood Forest, Leicestershire. The common or clay slate 
abounds in the most rocky districts, and is found lying upon 
granite, gneiss, or mica slate. The several varieties of 
character — from the extreme crystalline to the extreme 
earthy — are found occupying positions in regular order, 
from the primary towards the transition rocks. Clay slate, 
as its name implies, consists chiefly of clay in an indurated 
condition, and occasionally containing particles of mica and 
quartz ; and, in some of the coarser kinds, grains of felspar 
and other fragments of the primary rocks. In the extreme 
admixture of these foreign substances, clay-slate approacheb 
the nature of the rock known as greywacke. The beds of 
clay-slate are invariably stratified, the thickness of the strata, 
however, varying from a fraction of an inch to many feet* 
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Its laminar texture admits of a ready separation into thin 
plates, and thus endows it with a supreme value for roofing 
and other purposes, in which great density and comparative 
impermeabili^ are required to coexist with a minimum 
thick^iess and weight. In our preceding pages, we have 
quofcd a highly interesting description of the method 
pursued in quarrying this mvaluable material. "We may 
here add that, besides the immense quarries which are 
worked, as there described, at Bangor, in North Wales, slate 
is also procured from the counties of Westmoreland, Tork, 
Leicester, Cornwall, and Devon, and that Scotland is supplied 
with this useful material from Balahulish and Easdale. 

In Ireland slate quarries areVorfed to a considerable 
extent at Killaloe, V alentia, and in Wicklow County; the 
slates from the latter of which are said to resemble those 
from Bangor in quality and extreme tenacity, and can be 
raised in blocks 30 feet long, 4 or 5 feet wide, and from 6 to 
12 inches in thickness. The weight of slates varies from 
174 to 179 lb. per cubic foot ; the average weight of several 
specimens being 177 lb. When immersed in water in the 
manner already described for e^ranite (page 95), the clay- 
roofing slate absorbed less than a quarter of a pound 
of water ; while a softer quality of clay slate, from the 
neighbourhood of Bantry, absorbed nearly 2 lb. 

SAjrBSTONSB. 

These rocks, belonging, ideologically^ to various positions 
in the order of the strata of which the exterior of the eart^ 
is composed, and sometimes alternating with the variety of 
limestones, are widely distributed, or rather frequently met 
with, superficially, in exploring the surface of our island. 

The vast accumulation of oeds, known aa forming the 
Silurian System^ and of which sandstone is the principal 
member, is found to extend, with some interruptions, from 
Carmarthenshire and Eadnorshire, in the west, to Dudley in 
StaiFordshire, in the central part of England. At the western 
boundaries of this system the sandstone is known as Llandillo 
flagstones ; it occurs abo at Caer-Caradock in Shropshire, and 
is there and elsewhere known as Caradock sandstone. Some 
varieties of this stone are found to contain a large proportion 
of lime, occasionally in the form of shells, and are henoe 
sometimes called shelly limestones and sandy limestones. 

8andstone8 are principally silicious, and possess various 
lif^ees of induration. The chemical analysis of sever&l 
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specimens of sandstone fjpom four quarries, viz., Craigleith, 
in Edinburghshire ; — Darlej Dale, in Derbyshire ; Heddon, 
in Northumberland, and Kenton, in the same county, gi/es 
their average constituents thus : — 

SiHca 95-725 

Carbonate of lime . . ... 1065 

Iron alumina 2*150 

Water and loss 1060 

100000 

The average weight of these four kinds of stone was found 
to be 142 lb. 7 oz. per cubic foot. Adopting the same high 
authority from which these analyses are derived, viz., the 
scientific Commission appointed to visit quarries and examine 
the qualities of stones to be used in building the New Houses 
of Parliament, the composition of these four kinds of sand- 
stone appears to be as follows: — Graigleiih: Fine quartz 
grains with a silicious cement, slightly calcareous ; occasional 
plates of mica ; colour, whitish gray. — Darlev Dale : Quartz 
grains of moderate size and decomposed felspar, with an 
argillo-silicious cement; ferruginous spots, and plates of 
mica; colour, light ferruginous brown. — Seddon: Coarse 
quartz grains, and decomposed felspar, with an argillo- 
silicious cement; ferruginous spots; colour, light brown 
ochre. — Kenton : Fine quartz grains with an argillo-silicious 
and ferruginous cement; mica in planes of beds; colour, 
light ferruginous brown. 

From the nature of the composition of sandstones, (of 
which the above four are described as average specimens,) it 
results that their resistance against, or yielding to, the 
decomposing effects to which they are subjected, depends to 
a great extent, if not wholly, upon the nature of the cementing 
substance by which the grains are united ; these latter being 
somparatively indestructible. From the nature of their 
formation, sandstones are usually laminated, and more espe- 
cially so when mica is present, the plates of which are 
generally arranged in planes parallel to their beds. Stones 
of this description should be carefully placed in constructions, 
so that these planes of lamination may be horizontal, for if 
placed vertically, the action of decomposition will occur in 
flakes, according to the thickness of the laminsB. Indeed the 
best way of usmg all descriptions of stone is in the same 
Dosition which they had in me quarry, but this becomes a 
really imperative rule with those of laminated structiire. 
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Uniformity of colour is a tolerably correct criterion of uni- 
formity of structure, and this constitutes, other circumstances 
being equal, one of the practical excellencies of building 
stones. The great injury occasioned to these materials by 
tlieir absorption of moisture, leads properly to a preference 
for such stones as resist its introduction, for all above-ground 
piurooses. Those which imbibe and retain moisture are espe- 
cially liable to disruption by frost if exposed. The simplest 
method of ascertaining the disposition of a stone to imbibe 
moisture is to immerse it for a lengthened period in water, and 
to compare the weight of it before and after such immersion. 

A method recently introduced of determining the suscepti- 
bility of a stone to injury by frost, is to dip the stone in a 
solution of some salt, and then suspend it for seyeral days 
over the solution, repeating the process several times, so as 
to allow the salt to crystallise on the surface of the stone. 
If the stone can resist frost the solution will remain free 
from sand or fragments of stone, but if otherwise, the edges 
of the stone wOl be found deposited in the vessel beneath. 

As examples of the durability of sandstone in buildings, 
the following may be instanced : — Ecclestone Abbev, built 
in the thirteenth century, near Barnard Castle, Durnam, in 
which the minute ornaments and mouldings remain still in 
excellent condition. The circular keep of Barnard Castle 
(14th century), is also in fine preservation. Tintem Abbey 
(13th century), built of red and grey sandstones of the 
vicinity, is for the most part in perfect condition. Whitby 
Abbey (13th century), is built of stone similar to that in 
the vicinity, and is generally in good condition, excepting 
the west front, which is very much decomposed. The stone 
used is of two colours, brown and white, of which the latter 
is uniformly in the best preservation. The enrichments on 
the east front are all in good condition. Of Eipon Cathedral, 
the west front, the transits and tower, were built in the 
12th and 13th centuries of a coarse sandstone of the viciniij, 
and remain in very fair condition. Bivaulx Abbey, built in 
the 12th century, ot a sandstone one mile from the ruins, is 
generally in excellent condition. The west front is slightly 
decomposed, but the south &ont is remarkably perfect, even 
to tlie preservation of the original tool-marks. 

Experiments upon sever^ sandstones to ascertain the 
force required to crush them, performed with the hydrostatic 
press, as already described of the specimens 
{page 93) gave the following results — /"^^ 

/^^ « 



I TH. 



100 



STONES USED IN BUILDING. 






03 



I* 






& 

'A 

11 

r 



31a 



5S 2 



§ 
5 



0) o 









^ 4h« «©< O^fH 



J o»p wao o>p »« o 

O (MA OO «0 00 «0 "^ 00 

Eh ^ 



I 



s 



<N r-t rH 



»0<N OOO 



^ oo t» CO CO t«<<« 



? C<IOi G4CI COOO 
CQ 






XX XX 

lOlO kOkO <o «o 

'g X X XX XX 

^ uau3 »o »o 



«o«o 

X X 

<0 CO 
X X 

to to <o to 



00 K) O « O to 



Ol CI r^i-K Jt^b- 



O Ci 

iH r-l 

<OW> 



1 



II I -I 



^ 

^ 



STONES USED IN BUILDING. 



101 



LIHSSTONEd. 

The class of limestones, including tHe magnesian lime- 
stones and the oolites, is one of extreme importance in the 
building arts, comprehending some of the most adrantageous 
materiius of construction, and combining great comparative 
durability with peculiar fiacilities for working, in which they 
surpass the sandstones ; as those do the rocks of a primary 
and unstratified character. Of the limestones and the oolites, 
the principal material is carbonate of lime. The magnesian 
limestones contain a quantity of carbonate of magnesia, in 
some cases nearly equal to that of the carbonate of lime. 
The analyses of four varieties of oolites and three limestones 
are given below. The oolites were from Ancaster in Lincoln- 
shire ; from Bath ; from Portland, Dorsetshire ; and from 
Ketton in Eutlandshire. The three limestones were from 
Bamack, Northamptonshire ; Chilmark, Wiltshire, and Ham 
Hill in Somersetsmre. 





O0LITB8. 


AnoMter. 


Bath. 


Portland. 


Ketton. 


SiKca 

Carbonate of lime . . 
Carbonate of magnesia 
Iron alumina . • 
Water and loss. . .. 


98-69 

2-90 

•80 

2-71 


9452 
260 
1-20 
1-78 


1-20 

96-10 

1-20 

•50 

1-94 


92-17 

4-10 

•90 

2-83 







BanuM Ghilmark. 


Ham HiU. 


SiUca 


93-4 
8-8 
1-3 
1-6 


10-4 

790 

8-7 

20 

4-2 


4^7 
79-3 
6-2 
8-8 
2-6 


Carbonate of lime 

Carbonate of magnesia . . . 

Iron alumina 

Water and loss 



All of these stones contain a slight trace of bitumen in 
their composition. The weights of the several kinds are as 
follow : — Of the oolites, the Ancaster stone, 139 lb. 4 oz, 
pep cubie foot.— Bath, 123 lb.— Portland, top bed, 136 lb., 
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best or lower bed, 147 lb., mean, say 141 lb. — Ketton; 
128 lb. 6 oz. Of the three limestones, the weights are, 
Bamack, 136 pounds, 12 oz. — Chilmark, 153 lb. 7 oz. ; and 
Ham Hill, 141 lb. 12 oz. The composition of these stones 
is described as follows : — First, Oolites. — Ancaster : fine 
oolitic grains, cemented by compact and often crystalline 
carbonate of lime ; colour, cream. — Bath : chiefly carbonate 
of lime in moderately fine oolitic grains, with fragments of 
shells. The weather bed of the quarry is generally used for 
plinths, strings, cornices, etc. ; the com grit for dressings ; 
the scallet, which is the finest in grain, is used for ashlar. 
Eight quarries are opened on the Box escarpment, many of 
them of great antiquity. The colour is that of cream. — 
Fortland: oolitic carbonate of lime, with fragments of 
shells; colour,* whitish brown. — Ketton: oolitic grains of 
moderate size, slightly cemented by carbonate of lime ; 
colour, dark cream. Secondly, Limestones. — Bamack : 
carbonate of lime, compact and oolitic, with shells, often in 
fragments ; coarsely laminated in planes of beds ; colour, 
light whitish brown. This stone is used for troughs and 
cisterns, and is perfectly impervious. — Chilmark : carbonate 
of lime, with a moderate proportion of silica, and occasional 
grains of silicate of iron ; colour, light greenish brown. — 
Mam Hill : compact carbonate of lime with shells, chiefly 
m fraCTients, coarsely laminated in planes of beds ; colour, 
deep ferruginous brown. 

Of four varieties of magnesian limestone, the following are 
the analyses : — 
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Hnddle- 
stone. 


Roach 
Abbey. 


Park 

Nook. 


Silica 

Carbonate of lime 
Carbonate of magnesia 
Iron alumina .... 
Water and loss . . . 


8-6 

51-1 

40-2 

1-8 

8-3 


2-53 

5419 

41-87 

•80 

1-61 


•8 
57-6 
89-4 

•7 
1-6 


55'7 

41-6 

•4 

2-3 



The weights of these hmestones were as follows: — 
Bolsover, 151 lb. 11 oz. per cubic foot; Huddlestone, 
137 lb. 13 oz. ; Eoach Abbey, 139 lb. 2 oz. ; and Park 
Nook, 137 lb. 3 oz. The composition of them is as follows: 
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^-BoUover: chiefly carbonate of lime and carbonate of 
magnesia, semi-crystalline ; colour, light yellowish brown. — 
Huddle9ton9 : similar component parts ; colour, whitish 
cream. — £oaeh Ahhey : chiefly carbonate of lime and carbon- 
ate of magnesin, with occasional dendritic spots of iron or 
manganese ; semi-crjstalline ; colour, whitish cream. — Park 
Nook: similar constitution, and of cream colour. Sinks 
and tanks are made of this stone, but the water wastes in 
them. 

The following structures of magnesian limestones may be 
distinguished: — Southwell Church, Nottinghamshire, built 
in the 10th centunr, and now in perfect condition. Konings- 
burgh Castle, in Yorkshire (Norman), built of coarse-grained 
and semi-crystalline magnesian limestone, from the adjacent 
hill, is in excellent preservation. The mortar has in many 

Sarts disappeared, but the edges of the joints remain perfect, 
'he Church at Hemingboroueh, in Yorkshire (16th century), 
is in a very perfect stote. It is built of a white crystallme 
magnesian hmestone, resembling that from Huddlestone. 
The entire building ia in a perfect state ; even the spire, 
where no traces of decay are apparent. 

It is remarked that magnesian limestone appears capable 
of resisting decomposing action in proportion as its structure 
is crystalline, and the late Professor Daniell gave it as his 
opinion, based upon experiments, that '* the nearer the mag- 
nesian limestones approach to equivalent proportions of 
carbonate of lime and carbonate of magnesia, the more 
crystalline and better they are in every respect." 

Among the buildings constructed of oolitic and other lime- 
stones, the following are deserving of notice : — ^Byland Abbey, 
Yorkshire, of the 12th century, built partlv of a silicious grit 
(principally in the interior), and partly (chiefly in the 
exterior) of a compact oolite, from the Wass quames in the 
vicinity. The west front, which is of the oolite, is in perfect 
condition, even in the dog's-tooth and other florid decorations 
of the doorways, Ac. This building is generally covered with 
lichens. 

Bath. — JJbhey Ohwrch (1576), built in an oolite from the 
vicinity. The tower is in fair condition, the body of the 
church in the upper part of the south and west sides much 
decomposed. The lower parts (formerly in contact with 
building) are in a more perfect state : the relief in the west 
front of Jacob's ladder are in parts nearly eflaced. — Queen's 
Square^ north side, and the obelisk in the centre, built 
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about 110 years since, of an oolite with shells, in fair 
condition. Circus^ built about 1750, of an oolite in the 
vicinity, generally in fair condition, except those portions 
which have a west and southern aspect, where the most 
exposed parts are decomposed. — Crescent, built about 60 
years since, of an oolite of the vicinity, generally in fair 
condition, excepting a few places where the stone appears to 
be of an inferior qiwlity. 

Oxford. — Cathedral (Norman, 12th century), chiefly of a 
shelly oolite, similar to that of Taynton. Norman work in 
good condition ; the later work much decomposed. — Merton 
College Chapel (13th century), of a shelly oolite, resembling 
Taynton stone, in good condition generally.— i\^ College 
Cloisters (14th century), of a shelly oolite (Taynton) in a 
good condition. The whole of the colleges, churches, and 
other public buildings of Oxford, erected within the last 
three centuries, are of an oolitic limestone from Headington, 
about li mile from the University, and are all, more or less, 
in a deplorable state of decomposition. The plinths, string- 
courses, and such portions of the buildings as are much 
exposed to the action of the atmosphere, are mostly of a 
shelly oolite fit)m Taynton, 16 miles from the University, 
and are universally in good condition. 

Saint PauTs Cathedral, London. Finished about 1700. 
Built of Portland oolite, from the grove quarries on the East 
Chff. The building generally in good condition, especially 
the north and east fronts. The carvings of flowers, &c., are 
throughout nearly as perfect as when executed. On the 
south and west fronts large portions of the stone exhibit 
their natural colour, occasioned by slight decomposition of 
the surface. The stone in the drum of the dome, and in the 
cupola above it, appears not so well selected as the rest, yet 
shows scarcely any decay in those parts. 

Westminster Abbey. (16th century). Built of several 
varieties of stone, similar to Gatton or Bei^ate, much 
decomposed, and of Caen stone, generally in bad condition. 
A considerable portion of the exterior, especially on the 
north side, has been restored at various periods ; nevertheless^ 
abundant symptoms of decay are apparent. The cloisters 
built of several kinds of stone, are m a very mouldering 
condition, except where they have been recently restored 
with Bath and rortland stones. The west towers erected in 
the beginning of the 18th century, with a shelly variety of 
Portland oolite, exhibit scaroely any appearance of decay; 
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Henry tHe Seyenth's clispel, restored about thirty years 
since, with Coombe Down Bath stone, is abready in a state 
of decomposition* 

In Spqffbrth Castle is a striking example of an unequal 
decomposition of the magnesian limestone and a sandstone ; 
the former used in the decorated parts, and the latter in 
ashlar and plain facings. Although the magnesian limestone 
has been equally exposed with the sandstone, it has remained 
as perfect as when erected, while the sandstone has suffered 
considerably. In Chepstow Castle, and in Bristol Cathedral, 
similar contrasted effects are visible upon the magnesian 
limestones and sandstones employed. 

The late Professor Daniell giyes the following valuable 
summary of the results of his experiments upon the stones 
we have referred to. " If the stones be divided into classes, 
according to their chemical composition, it will be found that 
in all stones of the same class there exists, generally, a close 
relation between their various physical qualities;— thus it 
will be observed that the specimen which has the greatest 
specific gravity possesses the greatest cohesive strength, 
absorbs the least quantity of water, and disinteCTates the least 
by the process wliich imitates the effects of weather. A 
comparison of all the experiments snows this to be the general 
rule, though it is liable to individual exceptions. But this 
will not enable us to compare stones ot different classes 
together. The sandstones absorb the least water, but they 
disintegrate more than the magnesian limestones, which, 
considering their compactness, absorb a creat quantity. 
The heaviest and most cohesive of the sandstones are the 
Craigleith and the Park Spring. Among the magnesian 
limestones that from Bolsolver is the heaviest, strongest, and 
absorbs the least water. Among the oolites, the Ketton Bag 
is greatly distinguished from all the rest by its great cohesive 
strength and high specific gravity." 

For durability, for crystalline character, combined with a 
close approach to the equivalent proportions of carbonate of 
Ume and carbonate of magnesia ; for uniformity of structure ; 
for facility and economy in conversion ; and for advantage of 
colour, the commissioners declared their preference for the 
magnesian limestone of Bolsover and its neighbourhood, and, 
taking into account the extended range and careful j^recision 
of their observations, and the skilful manner in which their 

* Report of CommissioneFS. 
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experiments were designed and conducted, it will b© 
generally admitted that the opinions thus fbrmed and pre- 
sented to us are excellent guides for our se.ection of stone 
in all architectural constructions, and deserve our most 
careful consideration, if they do not claim our immediate 
concurrence. 
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BRIDGES IN SPAIN.' 



Is the destmction of bridges during tlie Duke of Welling- 
ton's compaigns, various methods were adopted according to 
the circumstances of the case. 

The bridges in the Peninsula were usually of stone, the 
arches from 20 to 40 feet span semicircular, and of one 
stone of 18 inches or 2 feet in thickness. The loading of 
the arches was sometimes of solid masonry, but commouly 
of loose stones or rubbish. 

The object required generally was to destroy one arch, 
and in order to give the enemy the greatest inconvenience 
and delay^ the largest arch and where there was deep water 
was prerorred, excepting when want of time or ammunition 
Inade it advisable to select a particular one that might 
appear weaker than the others. 

The simplest principle of mining a bridge was found to 
be by lodgme the powder on the haunch of the arch, and as 
near as could be on the centre of the width of the bridge, 
with the line of least resistance through the arch. 

The best mode of forming the mine was where the side 
walls of the bride^e above the piers were slightly built and 
easily got at, ana the loading of the arch of loose rubbish ; 




a small gallery was then run in ▲, fig. 1, about 5 feet from 
the arch stone ; and when at the centre of the width of the 

* Extracted from a Treatise <m Mines, by J. Laadmann, Professor of 
Fortification and ArtiUerj. Lond. 1815. 



110 



BBiDGiBS nr spijir. 



bridge, a return was made to the arch, and the powder 
lodged against it. There are not many occasions where this 
can be done under a very considerable time; but when 
practicable it has many advantages : the greatest resistance 
is obtained to the sides and above ; the ammunition is less 
likely to get injured from wet penetrating to it ; there is no 
obstruction to the road over the bridge while preparing, 
and less danger of accidents, after it is loaded. 

In this case, the powder, saucissou, &c., are applied in the 
usual manner in mining ; and the end to be lighted is kept 
within the surface of the wall to be sheltered from the weather. 

The common and quickest mode of mining a bridge is by 
sinking down from the road above, to the arch, and lodging 
the powder in one mass on the centre of its width. To do 
tliis with good effect, the shaft c B, fig. 2, should be sunk 




where there will be the greatest resistance gained above and 
to the sides, as at B. As the arch gives so much more 
resistance than the materials with which it is loaded, the 
distance to the surface, therefore, should be twice, or three, 
or even four times more, at least in those directions, than 
in that through the arch, in proportion to the nature of 
those materials. 

In this way arches have been blown down with 45 pounds 
of powder, and after five or six hours of labour. 

The shaft should be sunk on one side of the centre of the 
width of the bridge, as at o, fig. 3, and a little return made 
at the bottom to gain that situation for the powder, by 
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which means there will be more solid resistance above, and 
a greater width of road left open during the operation. 

In loading, the saucisson was brought up the shafb to 
within about 1 foot of the surface of the road, and then 
carried along a gutter or drain to the side of the bridge 
where it was lighted, whereby the road was entirely cleared, 
and a premature explosion from accident less likely to occur. 
The upper surface of the road was drained off as much as 
possible, to keep the wet from penetrating to the powder. 

When there is no time to sink a shaft as deep as might 
be wished, as great resistance must be obtained as can be, 
by sinking as deep to the arch as there is time for, and 
increasing the effect by a loading of as much stone or other 
heavy materials from the parapet walls or elsewhere as can 
be applied. 

A bridge across the Carrion at Duefias was required to 
be mined in great haste, and it was found that the loading 
between the arches was of solid masonry : an opening was, 
therefore, made down to the crown of the arch n, figs. 4 
and 5, about two feet six inches only; 250 pounds of 
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powder were lodged in rather a longitudinal direction along 
the width of the bridge, and a loading, c c, fig. 4, applied of 



112 



BBID^SS IN BPAIK. 



heary stones and mbbish, as high above the road of the 
bridge as could be without preventing carriages from pass- 
ing ; when fired it made a gap, b B B jb, across the bridge of 
fifteen feet, which was about half its span. 

The French declare that 100 pounds of powder laid on 
the crown of an arch, and without loading would destroy it; 
but, in a strong built bridge, I should be sorry to apply so 
small a quantity. 

As on service, the time at command for this kind of 
operation is very uncertain; it is a common and good mode 
to commence preparing in two places, one on the crown of 
the arch and the other on the haunch, and then if not 
allowed time sufficient to complete the latter and better 
mode, the powder can be appliea on the crown of the arch, 
and exploded with or without a loading of rubbish, according 
to circumstances ; and it is much better to do that than to 
lodge the powder in a shaft only partly sunk down to the 
haunch, although it should be deeper. 

In some cases where the bridge is very wide, and the 
operation can be carried on with nicety, it may be right to 
divide the powder into two mines f and a, fig. 6, across its 

width ; but, in a rough opera- 
tion, I would certainly never 
divide the powder: for al* 
though it was said once that 
a hole was blown through the 
centre, of a wide ai^h, and 
a passage left on each side 
(which, however, I do not be- 
lieve), if it was so, certainly that same quantity of powder 
that gave so nice a shock would not have injured the arch 
at all if divided. 

I have seen an instance wh^re about half of the width of 
a bridge f o h, fig. 7, was blown down, which probably 
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arose from dividing the powder in this manner. 

There can be no reason whatever for dividing the powder 
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between the different sides of the arch, as at i k, fig 8 ; 
by doing so a failure took place on the Corufia retreat ; and 
if it succeeds, there can 

be little doubt but that one s_ 

of the mines would have 
done as well. Wherever 
the powder is divided, the 
explosion of the whole 
should be simultaneous; 
the arrangements require 
much precision, and the 
chances of failure are of course mtdtiplied. 

Where a bridge is narrow, there can be no occasion for 
sinking the shaft down to the arch much deeper than half 
the width of the bridge, as the want of resistance at the 
sides will render the additional vertical resistance super- 
fluous. On one occasion a failure occurred from a shaft 
being sunk down to a pier with the intention of destroying 
two arches; but which, although great perpendicular re^ 
sistance was gained, blew out at the sides, and left f«f 
arches perfect. 

When the effect of a mine can be secured to cut through 
the arch, the greater resistance that can be given even in 
that direction the better, as it will increase the effect over 
the whole width of the bridge. 

As it generally happens on service, that the mine cannot 
be laid according to nice calculation, after applying it in the 
best way which circumstances will allow, tne effect must be 
gained by increasing the quantity of powder. Under the 
chance of different di£Bculties that might occur, it was cus- 
tomary, when practicable, to send two, three, and even four 
barrels of powder, of ninety pounds each, for the destruction 
of a bridge, although one would usually be sufficient. 

When there was time these mines were loaded with all 
the precautions commonly used — viz., the powder in a box, 
and the saucisson in an auget ; and when to lay any time, 
the box and auget were pitched, and covered with straw, 
tarpauling, Ac., to preserve the ammuuition dry. When 
pressed for time and without the proper articles, the powder 
was lodged in the barrels it was brought in, or laid in a 
tarpauling, or in bags ; and the saucisson was laid without 
an auget, but with care that the stones or rubbish should 
Lot choke it. The mine was lighted by a piece of port-iiro 
tied into the 6nd of the saucisson. 
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Saucisson is so very easily made and carried, and so ad« 
vantageous, that latterly we never failed having it with us ; 
in our first mines, indeed, for want of it, we cut off the ends 
of port-fires diagonally, and tied them together to pieces of 
stick the length necessary for train ; but such a contrivance 
is very bad, and owing to it Lieutenant Davy was killed on 
Sir John Moore's retreat, the mine exploding the instant 
he lighted it, probably from the fire of the composition 
dropping down to the powder, for which reason the end 
port-fire should be laid horizontally, and a little clay round 
it will give additional security. 

A small hollow round the powder in a mine will increase 
its effect. 

To destroy wooden bridges powder was sometimes used 
and applied to the most important supports in the arch, 
according to its construction ; but as there is no other 
resistance than the air, the quantity of powder should be 
large ; ninety pounds have blown down a strong wooden 
arch. 

The common and best mode with a wooden bridge is to 
lay the planking bare, and to light a large fire upon them 
over the piles forming the piers, which will then bum to 
the water's edge if let alone ; but this will not do if the 
enemy cannot be kept from gaining possession of the 
bridge for at least twelve hours after the fire is lighted. 
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It may not be considered uninteresting to follow the 
foregoing subject by adding some account of the sigual 
failures in the blowing up of two bridges by gunpowder, 
arising from a want of that due consideration and discre- 
tion in moments of danger which is so essential and of such 
paramount importance to the military engineer. The first 
IS that of the failure in destroying and preventing the 

Sassage of troops over the bridge between resth and Buda 
uring the Hungarian reyolutionary war of 1848. The 
facts were personally communicated to me, after his return 
to England, by the engineer of the bridge, the late "Wm. 
Tierney Clark, Esq. The second is that of the failure in the 
destruction of the bridge of S. Martino, near Magenta, 
during the Italian war of 1858. Of the first I have 
made some extracts from Mr. Clark's published work 
of the particulars of the construction of that fine and 
stupendous work of art : — 

'' The provisional government sent messages to the direc- 
tors of the bridge to prepare the approaches, Ac., for the 
passage of troops and cavalry, and afterwards likewise for 
artillery, and this to be done under the severest penalties. 
All representations of the danger which might occur from 
the passage of troops over an unfinished bridge were un- 
availing, and totally disregarded. This being the case, 
therefore, the 5-inch longitudinal larch timbers were covered 
over with cross temporary planking, to save them as much 
as possible. After this had been done, the bridge was 
daily crossed by infantry and cavalry regiments, light and 
heavy artillery, baggage waggons, &c., and the whole of the 
Hungarian army at last retreated over it, and on the 5th 
and 6th of January the Imperial troops, to the amount of 
about 70,000 men, comprising nearly a dozen cavalry 
regiments, and 270 cannon, passed over it, and took poi* 
session of Buda-Festh.'' 
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** Aftei the passage of the Imperial troops on the night of 
the 29th April over the suspension bridge and bridge of 
boats, the latter was set fire to and completely destroyed, 
being previously covered with pitch, tar, and other com- 
bustible matter. General Hentzi then caused the whole of 
the 5-inch platform timbers, as well as those forming the 
foot-paths, to be cleared away, leaving the cast-iron beams 
and trussing between the piers standing quite bare. He 
then caused four large cases, containing about 80 cwt. of 
gunpowder, to be placed on the beams close to the chains, 
two on each side, with a train extending out to behind the 
tolUhouses, with orders for the artillerymen to fire it if the 
Hungarians attempted to force a passage — Pesth being 
already in possession of the insurgent troops." 

" On the night of the 20th of May, the walls of the city 
were stormed at all points by an overwhelming force ; and 
after a bloody and severe struggle, in which General Hentzi 
lost his life, the fortress was taken ; and on the morning of 
the 21st, the Hungarian colours appeared floating from the 
towers. Between 6 and 7 o* clock that morning, and after 
all was lost, with the exception of the Buda workyard, which 
was still held by the brave General who commanded them, 
ke — for what reason is not known — set fire to the powder 
on the bridge with his own hands, blovring himself and 
about 80 feet of the skeleton of the platform to atoms; 
atter this, all resistance ceased. Five of the beams were 
blown to pieces, and three were broken, but still hanging. 
The troops broke into the offices and magazines at the 
works, and destroyed much valuable property, and it was 
with the greatest difficulty that the papers and drawings 
were saved from destruction. 

'* The bridge from this blasting sustained, nevertheless, 
but little damage^ and the Hungarian General Georgy came 
and gave orders for the bridge to be repaired for the passage 
of troops.** 

" The bridge continued open for the military and a part 
of the public till the SOth of May, when it was closed, and 
the works commenced again at all points; and as the 
authorities stated that the progress should not again be 
interrupted, a be&;inning w^as made to lay the wood pavement 
on the platform. 

"During the war the bridge had been tested by the 
passage of numerous troops of the difierent armies oi 
infantry, cavalry, and artillery, with heavy waggons and the 
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usual accompaniments crowding the entire surface of tlie 
platform, not only for a day, but for weeks together, day 
and night, and this when the trussing and bracing, whica 
adds so much to the strength of the platform, was for the 
most part not erected." 



Of the second I have made some extracts from Paper XII., 
in Vol. 10 of the PapNers of the Corps of Bojal Engineers, 
written by General Sir John T. Burgoyne, Bart., G.O.B., 
1861. 

** The Austrian account of the attempted destruction of 
the bridge over the Ticino at San Martino, near Magenta 
and Buffdora, during the campaign of 1859, is of interest, 
inasmuch as the destruction of this bridge was of the greatest 
consequence to the Austrians ; for when they retreated from 
it, leaving it in such a state as to be passable for troops, 
the French were enabled to cross in sufficient numbers to 
win the battle of Magenta before their opponents were 
concentrated. Between the Ticino and the town of Magenta, 
however, they encountered another obstacle, viz., the Grand 
Canal, which would have checked them for a long time if 
properly defended ; but, although the four bridges across it 
were mined, only two of them were blown up, and near one 
of these the Austrians left some planks, which enabled the 
French easily to restore the roadway. The great importance 
of proper arrangements for destroying bridges thoroughly 
and with certainty is thus forcibly illustoited by the opera- 
tions of one day.*' 

General instructions had been issued to the Austrian 
engineers in 1858 for mining the new bridges and viaducts, 
in readiness for blowing them up, as well as a special order 
to prepare a project for destroying the old bridge at San 
Martino. It was, therefore, proposed to bore cylindrical 
holes 8 inches in diameter horizontally across it, over two of 
the arches, according to a plan recommended in the instruc- 
tions. This operaticm was, however, considered objection- 
able, because it might affect the stability of the arches, and 
explosion would not be certain to destroy the bridge, for 
the chamber of the mine having but little brickwork over it 
the explosion might take OTOct in an upward direction 
only ; it was, therefcnre, subseq^uently proposed to sink two 
shafts, each 30 inches square, in the direction of the longi* 
tudinal axis of the centoJ pier of the bridge which was 
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to be destroyed. From the bottom of each shaft, galleries 
80 inches high and 24 inches wide (the Austrian inch being 
very little longer), were to move in both directions, that is, 
four galleries in all. Each gallery was to terminate m a 
chamber to contain 62 pounds of gunpowder, and the centres 
of these were to be 9 feet from each other, the line of least 
resistance being equal to half the thickness of the pier, or 
6 feet 4 inches. 

The Committee of Engineers ordered to report on this 
plan made a third proposal. The shafts, galleries, and 
chambers were to be replaced by four cylindrical holes 7 
inches in diameter, bored vertically, at the bottom of each 
of which there was to be a chamber 6 inches in diameter. 
Seventy pounds of 40* powder were required for each hole, 
or 280 pounds for each pier, this calculation having been 
based on the presumption that coefficient g should be taken 
at 0*255, the same as a compact rock. 

The Committee were induced to make this proposal be- 
cause they considered the making of shafts, galleries, and 
chambers too difficult, and likely to affect the stability of 
the bridge, an apprehension shared by all the architects 
who were consulted. 

These subjects were thoroughly considered and reported 
on, and some variations were proposed. Suitable instru- 
ments, however, for boring the holes were wanting, and 
none could be procured at the moment, owing to the break- 
ing out of the war. The chambers were blasted before with 
gunpowder, and the holes made much larger than necessary, 
and of very irregular shape. To meet this evil and produce 
the necessary width and smoothness, a pole had to be let 
down into each, and the interval between it and the masonry 
was filled up with bricks. The expenditure of powder used 
in this blasting was very much regretted subsequently, when 
another supply could not be procured, and it would then 
have been of essential service. 

When orders arrived during the night of the 2nd of June 
to blow up the bridge, the chambers were filled with 86 
pounds of powder in each, and partly tamped with sand ; 
nut it has not been ascertained wnether the upper part was 
properly filled with clay and fragments of stone. On 
Ignition, five only of the mines exploded, with a rather 
strong detonation, including the four in the first pier, but 
only one in the second. 

After this unexpected failure the remaining charges were 
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At once examined, and being found intact were suocess- 
fiiWy exploded by means of electricity, and it was expected 
that the arches would then fall. 

The second detonation equalled the first, but the arches 
did not fall. The masonry below them had been destroyed, 
and they sunk at the key stones two or three feet ; the road 
across the bridge formed a concave line and was full of 
fissures ; and the balustrades, formed of blocks of stone, had 
been precipitated into the river. 

As there was no powder in reserve, two guns were 
ordered to batter the parts of the bridge most injured, in 
order to cause the arches to fall, but without success. 

The account here shows in one part a want of the im- 
plements necessary for making the openings as determined 
upon, a deficiency at least in the requisite quantity of 
powder, doubts expressed as to the powder having a proper 
degree of strength, and a failure of the ignition of three 
charges out of eight ; all of which difficulties, it is appre- 
heiided, might have been provided against by adopting a 
more simple off-hand mode of proceeding. 

In destroyins^ a bridge in a campaign, the system should 
vary >a ith the time and means available ; it is rare that that 
which is most correct theoretically can be adopted, and 
generally every disadvantage maybe counteracted by em- 
ploying plenty of powder. The object being the destruc- 
tion, it is of far less consequence to have that in the extreme 
than to fail in obtaining what is required. (Extracts) Vide 
Papers of the Boyal Engineers, pp. 116—120, vol. 10, 1861. 

J.W. 
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The following interesting episode is added without refer- 
ence having been made to the gallant officers referred to, 
the publisher claiming it as a subject belon^ng to our 
service, and more particularly as it is an acknowledged 
evidence of the distinguished services of the Corps of Boyal 
Engineers of Great Britain and Ireland. 

Tfls Sebtices of the Eotal Ekgineeks ik THI& Crimea. 
Spbboh madi nr thb Hoasi or Comxovs bt 

Captain L. Yernon. — I rise to call the attention of the 
House to the services of the Corps of Boyal Engineers in the 
Crimea. I do so because there is a disposition abroad to 
depreciate the services of the British army in the Crimea. 
We think it high time that something should be done to 
counteract this tendency to detract, and we believe that my 
statement this evening will be a step in that direction. No 
detractor has ventured to question the courage and the con- 
duct of the British soldiers of the general service. So far 
as the special corps are concerned, 1 have never heard any 
one bold enough to say the British artillery was second to 
any in the world, and my statement this evening will show 
that the British Engineers were equal, to say the very least, 
to any engineer that took the field. 

The war that has just terminated, unlike any other modem 
war on record, narrowed itself into one mighty siege. The 
victory of the Alma was but the introduction to the siege of 
Sebastopol, and the battles of Balaklava, of Inkerman, and 
of the Tchernaya were but futile attempts on the part of 
the Bussians to raise that siege. A fortress important 
rather for its uses than for its strength — a fortress so low 
in the scale of scientific defence that it was supposed, 
erroneously enough, to be open to a surprise, so moderately 
fortified that it was considered liable to the afiront of a 
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taup de main, l}ecame, under the pressure of circumstances 
and by the mere force of earthworts erected by the genius of 
Todtleben, one of the strongest places on record, and held 
at bay for eleven months the chiyalrous valour and the 
military science of the world. This war, then, being a 
siege, it follows that the battle was fought by science. It 
was a war of engineers, and I rise in my place to claim for 
the British Engineers their full share in the achieving oi 
that great result which has brought about the peace. 

There were three great turning points on which the 
success of the war depended. First was the selection of a 
place of landing in the Crimea ; secondlv was the decision 
as to which front of Sebastopol should oe attacked — ^for we 
were not in a condition to invest the whole, according to 
the real acceptation of the term ; third, and most important, 
was the discovery of the key to the position of the front to 
be attacked. 

I may at once avow and claim for the British Engineers 
the decision on all these three points, and I shall confine 
myself as much as possible to proving that this was the case. 
I must trust to some indulgence while I place historically 
before them these three questions in their relative positions. 
It will be seen at a glance that this question widens itself 
from a corps question into a national one. What I now 
say, by the aid of the press will be spread far and wide. 
What will, doubtless, by many be impugned, and it there- 
fore behoves me to start on a proper base, and to go on 
adding fact to fact in order to be able to defy all contra- 
diction. 

In January, 1854, on account of the appearances in the 
East, Colonel Vicars, with three engineers, left England to 
place themselves under the orders of Admiral Dundas, who 
commanded in the East. At Gibraltar Colonel Vicars was 
taken ill, and the command devolved upon Captain Chap- 
man, now Colonel Chapman, whose distinguished services I 
have had occasion before to bring under the notice of the 
House. These officers joined the fleet in the Bosphorus, 
and were despatched to reconnoitre the strong position of 
Maidos, near the Dardanelles. 

Now, at this juncture the home authorities were without 
any precise information with regard to the East. In this 
dilemma Sir John Burgoyne, whose high position as In- 
spector-General of Fortifications might well have excused 
him from the arduous undertaking, volunteered his servicesi 
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at this inclement season, to proceed to tlie East to make 
military observations of such forces as should be sent by 
the allied French and English armies in support of the 
Turks, in the event of a war with Eussia which then ap- 
peared imminent. His services were accepted with eager- 
ness. On his way through Paris the Emperor Napoleon 
associated with him Colonel Ardant, an officer of French 
Engineers. These two proceeded together to the Darda- 
nelles, and inspected the position of Maidos, and afterwards 
of Boulahir, preferring which latter the officers of engineers 
were withdrawn from Maidos to reconnoitre Boulahir, which 
they did in that inclement season, the snow being then 
deep on the ground. 

Sir John Burgoyne and Colonel Ardant then proceeded 
to Constantinople to reconnoitre the position of Bujukchek- 
medji, about twelve miles from Constantinople, a strong 
position, intended to be made the base of operations and to 
cover Constantinople. Colonel Ardant went forward to 
examine the position of Elara-su, where strong lines of 
defence were available, connecting the Sea of Marmora with 
the Black Sea. Sir John Burgoyne meantime went to 
Shumla, to confer with Omar Pasha, and he reconnoitred 
and reported upon Yama. Thence he returned to England, 
leaving Colonel Ardant at G-allipoli. 

While Sir J. Burgoyne was at Constantinople, there 
was presented to him a project for the defence of that town 
by certain French officers attached to the embassy — these 
lines of defence were to pass from the Sea of Marmora to 
the Q-olden Horn, and from that to the Bosphorus, passing 
within a mile of the suburbs of Constantinople. The ground 
was ably taken up, but Sir John Burgoyne at once pointed 
out that it was faulty, because it passed close to an enor- 
mous population and a city liable to conflagration as was 
Constantinople; but the principal objection was, that it 
abandoned to the enemy the Bosphorus, which was our only 
means of communication with the Black Sea. This plan of 
defence, therefore, was abandoned in favour of that oC 
Kara-su, which in every point resembled the lines of Lisbon, 
with a similar advantage of the stronghold of Bujukchek- 
medji. 

War was now declared; the allied army was sent to 
Gallipoli, and took up the intrenched post of Boulahir ; 
they then proceeded to Constantinople, leaving a small force 
to occupy Gallipoli. The Russians having made no imprea- 
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rion on the Danube, notwithstanding their rast militarj 
resources, and the allied armies having advanced to Varna, 
in support of the Turks, the proceedings of Sir J. Burgoyne 
and ot Colonel Ardant were criticised as being too cautious 
and unenterprising, by taking up a defensive position for 
Constantinople and the Dardanelles; but it must be re- 
membered that at that time the war had not begun, and it 
could not have been supposed that the Bussians, who, in so 
arrogant a manner, had forced on the war, should have been 
held entirely in check by the Turks ; and it was therefore 
requisite that Constantinople should be protected, and the 
Dardanelles, without which there were no means of com- 
municating with the Sea of Marmora, the Bosphorus, or the 
Black Sea, which latter was at that time in the possession 
of the Bussian fleet ; in a word, it would have been impos- 
sible to trust an allied army in that country if such a strong 
position as Ghillipoli and its adjacents had not been found. 
Such was the opinion of the Iflmperor Napoleon, and, what 
is more to my purpose, such was the opinion of Sir John 
Burgoyne. 

In August Sir John Burgoyne was sent out to command 
the engineers in the Crimea, and was placed upon the staff. 
In September the army embarked at Varna for the purpose 
of invading the Crimea. 

And now I come to the first point I wish to prove — 
namely, the selection of the part of the Crimea in which the 
landing was to be effected. A council of war assembled on 
board the Caradoc. It was attended— on the part of the 
Trench, by General Canrobert, by Colonel Trochu, one of 
the French staff, and by General Bizot, the French engi- 
neer ; on the part of the English by Lord Eaglan, by Sir 
G. Brown, by Sir E. Lyons, and by Sir J. Burgoyne. The 
French held the opinion that the best place to land was at the 
mouth of the Katcha, and 1 believe that Sir G. Brown coin- 
cided with that opinion, but he said, " Before coming to a 
decision on this point, I think we ought to know the opinion 
of Sir J. Burgoyne, who has had more practical experience 
than any other officer present." On this Sir J. Burgoyne 
declared that the Katcha was not the proper place to land, 
that it was a difficult and defensible ground, and close to the 
resources and reserves of the Russians, and he pointed out, 
on the other hand, that the safest place to land was at the 
Old Fort. 

Sir J. Burgoyne 's representations were made known to 
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Marsbal St. Arnaud, wbo at once grasped tbe idea and con- 
sented to the move. The landing, therefore, was safely effected 
at the Old Fort, and Eupatoria, in the rear, was seized and 
occupied. The abandoning of the idea of landing at the 
Katcha was very distasteful to some officers of the French 
staff, but when that place fell to our position it was seen 
that Sir John Burgoyne's estimate of the difficulty was 
right, and that an attempt to land there would have 
been followed by failure and disaster. I think I have 
proved now my first point, and that I have a right to 
claim the selection of the place for landing for the British 
Engineers. 

1 now come, sir, to my second point — that is, the selec- 
tion of the side on which Sebastopol was to be attacked. 
After the battle of the Alma the troops advanced towards 
Sebastopol across the rivers Eatcha and the Belbek. Now, 
the intention of the French, and for which they had pre- 
pared projects, was to attack Sebastopol on the north side. 
Sebastopol on the north side was situated on a promontorjr, 
and its defences were placed on rocky heights, having m 
front of them strong ground of a very defensible character, 
narrowed by the bay of Belbek on one side, the head of the 
harbour on the other, the promontory being dominated by a 
strong permanent work called the " Severnaia." Sir J. 
Burgoyne did not think that the north side of Sebastopol 
was the side to be attacked ; he rather held to the opinion 
that it should be attacked on the south side, and he wrote a 
report to Lord Eaglan, giving his reasons for holding that 
opinion, an extract from which report I will now, with the 
permission of the House, proceed to read : — 

" The communications with the fleet, whence all resources 
were necessarily obtained, would be from the fine bays and 
harbours of Balaklava, Kamiesch, and Kazatch, instead of 
from an entirely open beach, which was alone available on 
the north. The ^onts that were exposed to attack were 
extensive, and, though naturally of great strength, were not 
more so than that of the north, which was limited, and con- 
sequently admitted of defence after defence. The south 
side covered the docks, barracks, and all the great establish- 
ments of the place ; whereas, if the north promontory were 
obtained, there was the harbour still intervening, which 
could not be crossed by anv means ; and the only resource 
would have been a bombardment, and not possession. 
" In rear of the encamping ground to be occupied by the 
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allies in front of Sebastopol on tbe south side was a compact 
and most powerful position facing the country, and the 
communication to it from the harbours was direct and com- 
paratively short, while on the north there was no favourable 
position on the land side; the ground to cover the camp 
and landing-place must have been of enormous extent, for 
that landing could not have been nearer than the Katcha, 
as the Belbek was commanded by the enemy's batteries, 
and the communication would have been much longer, and 
over two heights instead of one. The enemy, if attacked 
on the north, having but one front of the garrison, of mode* 
rate extent, to cover, could have greatly increased the outer 
field army for raising the siege. In thoroughly reconsider- 
ing every circumstance, it is impossible to conceive how the 
operation could possibly be sustained against the north side: 
nor how the army, were it to remain there, could avoid 
some frightful catastrophe." 

This report was sent to Marshal St. Amaud, and that 
officer, with his nsual sagacity, accepted the idea, and con- 
sented to attacking Sebastopol on the south side. Then 
came the question, how was that to be done P If there be 
one axiom in war more cogent than another, it is that an 
army shoidd never separate itself from its base; and if 
there is any other axiom equal to that in cogency, it is that 
a flank march should never be made in the presence of an 
^lemy. And yet, at first sight, it would seem that the 
proposition of Sir J. Burgoyne embraced both these mili- 
tary errors; but it was not so in fact. He proposed to 
leave one base, but the base moved, so that he should fall 
upon it again ; and the flank march to enable him to reach 
the south side of Sebastopol was in the rear of a flying and 
disorganised enemy, and it thrust the army between Men- 
Bchikoff and Sebastopol. The movement was therefore 
undertaken, and the army sat down before Sebastopol, never 
to rise from it again till it left that place and its deienoes a 
shapeless ruin. 

I think that I am entitled to say that I have proved 
my second point, and that I have a right to claim the selec- 
tion of the side on which Sebastopol should be attacked for 
the British Engineers. The siege was now commenced with 
scanty military means. There were 800 or 400 sappera 
where there should have been as many thousands — for 
it should be remembered that behind the earthworks at 
Sebastopol was ranged the whole military power of Buaaiar-: 
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and where, if there Lad been as manj thousands, it would 
have saved thousands of lives and millions of money. 

There were 80 officers of engineers sent to the Crimea ; 
of these 43 were killed, wounded, and put hors de combat — a 
wholesale slaughter with no parallel. Many of these officers 
passed in that inclement season, and under what the 
French call "fire of hell," 100 nights, making nearly a 
third of the whole time of the siege. Under that fire the 
executive officers, Chapman and Gordon, erected batteries 
of so substantial a character that they were not damaged by 
the fire of the enemy. The British artillery destroyed the 
fire of Todtleben, the Bussian artillery swept from the face 
of the earth the French batteries, but no missile hurled 
against the English batteries stopped for one single moment 
their steady, sure, and onward course. From the first 
reconnaissance of Sebastopol, Sir J. Burgoyne perceived 
that the Malakhoff was the key to the position of the front 
attack, and he so represented it to Lord Eas^lan. 

After the battle of Inkerman he again impressed on the 
authorities that the Malakhoff was the place to be attacked. 
Upon the arrival of G-eneral Niel, the French aide-de-camp 
of engineers to the Emperor, a r>iancil of war of the allied 
engineers was held : at that council of war Sir J. Burgoyne 
again reprec<ented that the Malakhoff was the key to the 
position, and that it should be attacked. After the council 
of war had been held, wishing to place on record his opinion, 
he reduced it to writing, and, through Lord Baglan, sent it 
to the French engineer, General Niel. The following day 
General Niel called a council of French engineers to take 
under consideration Sir J. Burgoyne*s memoir — ^they pre- 
pared a proch verbal of what there took place, and sent a 
copy of it to Lord Eaglan for Sir J. Burgoyne's information. 
The first paragraph of that proeit verbal stated that the 
Malakhoft' should be attacked in compliance with the opinion 
of Sir J. Burgoyne. The words used were these : — 

" II r^sulte des dispositions adoptees en conseii, et suivant 
le TCBU exprim^ par le Lieutenant-G^n^ral Sir J. Burgoyne, 
que des travaux d'approche devront Stre ex6cu.t6a devant la 
tour Malakhoff, afin de pouvoir attaquer, par ce point 
dominant, le faubourg de £arabelnaia, en mdme temps qu'on 
donnera Tassaut k la partie ouest de la ville." 

I think, therefore, I have made out my third point, and 
that I am justified in claiminiE the discover¥ of the key to 
the front attacked for the British Jsnginoui*. Now that I 
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bave established the claim of the British Engineers to 
the merit of deciding on the three turning points of this 
war — they forming a part, and an important one, of the 
British army — what becomes of the case of those who would 
seek to depreciate the services of the British army in the 
Crimea ? 

APPENDIX. 

Mechanical Eock Boeing and Cutting. 

Since the date of Sir John F. Burgoyne*s work on blasting, im- 
provoments of the highest importance and interest have been made 
and practically brought into operation for perforating the holes 
(jumper holes) for blasting in rock, or for actually hewing or cutting 
out into blocks the softer rocks ) such operations being indispensable 
preliminaries to blasting, although, as m the case of coal-cutting by 
machinery, they need not be followed by the use of gunpowder. 

We can only incidentally notice these improvements, and refer 
the reader to works in which an account of them, or some of them, 
may be found ; for to describe them in detail even imperfectly 
would be to greatly increase the size of this volume. 

Although many anterior attempts had been made, and with some 
success, to produce a mechanical rock perforator, it was the necessity 
for piercing a railway tunnel through the Alps at Mont Cenis tha^ 
between volq years 1855 and 1860, gave the decisive impetus to 
invention for the purpose. 

The earliest successful machine was produced by the late 
Mr. Thomas Bartlett, C.E., an English civil engineer, employed 
as chief agent under Messrs. Brassey and Co., on the Victor 
Emmanuel Kailway. It was exhibited in action, with steam as 
the motor, and afterwards with compressed air as such, before 
Count Cavour and other members of the Italian government, per- 
forating rock of various sorts and hardness, in the neighbourhood 
of Genoa. Although the credit as well as the profits accruing from 
this great advance have been seized by others, to the exclusion of 
the originator, the machines at this time employed at Mont Cenis 
Tunnel are in principle and almost in every point of construction 
identical with those of Mr. Bartlett. The machines at this tunnel 
perforate several jumper holes simultaneously, and at more than 
three times the rate that they could be executed by hand labour. 
Various other perforating machines, more or less analogous to 
these, have been since produced, some of which are in successful 
use in mining operations in Sweden and elsewhere. 

The best accoimts of the machines in all their details vnll b«i 
found in the following works : — 

1. '^ Belazione della direzione Tecnica, alia direzione generals 
delle strade ferrate dello state ; sullo Traf oro delle Alpi tra Bor^ 
donn^che e Modane.*' 4to. Torino, 1863. 
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2. " Une Vifflte a la perc^ du Mont Cenis," Pai* PatJ Eymanl, 
&c. 8vo. Lyon, 1863. 

3. " Notice liistorique sur la perc^e du Mont Cenis." Par J, 
Bonjean. 8vo. Pouchet, a Chamb^ry, 1863. 

4. "Notice Historique et Critique sup les Machines de Com- 
pression d'Air du Mont Cenis^" &c. Par le Marquis Anatole de 
Caligny. 4to. Turin, 1860. 

6. " Theorie du compresseur a Colonne d'Eau, de MM. Som- 
meiller, &c. ; fonctionant au percement des Alpes.'' Par M. de 
Saint-Robeit. M^moire. Annues des Mines. 6ieme s^rie, torn, iii.^ 
1863. 

6. " Rapport du Bureau Central, &c., sur le Projet de loi, pour 
la perc^e, &c, de Senato del Regno." Sessione Parlamentare, del 
1867. No. 68, bis. (An Italian Parliamentary Paper. 8vo. Turin.) 

7. "Application de la Tb^orie M^canique de la Cbaleur, au 
Compresseur Hydraulic[ue du Tunnel des Alpes." Par M. A. 
Cazin. Annales des Mines. 

To these we have to add the following in English : — 

1. "Account of the Works of the Mont Cenis Tunnel," by 
M. F. Sopwith ; which will soon appear in the Minutes of Pro- 
ceedings of the Institution of Civil Engineers, before which it was 
read, Session of 1864—66. 

2. "The Practical Mechanics* Journal," in which several 
articles in the years 1863—64 — 66 will be found on rock per- 
forating and coal-cutting machines. 

As regards tools for rock especially hard rock perforation, it 
may be stated as a fundamental principle that no scraping or 
cutting tool that proposes to act oy uniformly continued slow 
movement can ever have even a chance of success as a rock per- 
forator. For this, in one form or another, percussion is indispen- 
sable, while rocks continue to consist in part of silez, and our 
available tools of hardened cast steel. Strike the rock, and the 
rigid but brittle material is shattered more or less, while the less 
rigid but tougher oast steel suffers but little ; attempt to scrane 
away or cut the rock, and the softer material, the steel, is rapidly 
ground away, and almost no impression made upon the harder one, 
lie rock. This obvious fundamental principle seems to have been 
unknown or disregarded in all earlier attempts. 

The Mont Cenis Tunnel will be 12,220 metres, or 7*6032 English 
miles, in length. 

The French end entrance is 8,946 ft above the Mediterranean, 
and the Italian entrance 4,379 ft. above the same; while the 
summit above of the Alpine ridge is 0,625 ft. above the sea level. 

The tunnel will be 26 ft in width at the broadest, and 26 ft. 3 in. 
at the level of the rails, with a height of 24 ft 7 in., the transverse 
section being something of the shape of a compressed parabola, 
though formed of circular segments in its curved perimeter. 

The rocks through which it is being driven, are of the following 
sorts, taking our departure from the FoumeaU| or Modane end, at 
the north, viz. : — 
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1. Micaceous and talcose sandstones, slaty and twisted in stractnro. 

2. Quartzites, in which it was expected to have encountered a 

thick bed of very hard quartZ| out which will probably now 
not be met with, as the expected point of its existence, as 
indicated from aboye, has been already passed 

3. Formations of gypseous rocks, with much anhydrite. 

4. Limestones of ime grain, slaty structure, and of great hard- 

ness, in which occur some seams and beds that look at first 
sight almost like anthracite, but which are probably only 
metamorphosed black-shining carbonaceous shales. 
6. Various argillaceous and calcareous schists, with siliceotis 

veins, &c 
The power employed at Mont Oenis is that of water. As it falls 
from the oj^posite sides of the mountain, it is intercepted at a 
sufficient heisht to afford at the Bardonnecne end a head of 85 feet ; 
a lees one only could be obtained at the Modane end. Two sorts 
of machines are in operation, by which air is compressed to a ten- 
sion of five atmospheres by means of this water power. At the 
Bardonn^he end these are of the sort called ** d coups de bSlier" 
They are in fact gigantic hydraulic rams, identical in principle with 
that of Montgomer for raising water, but haying this difference, 
that here the entire work — accumtdated in a giyen volume of wii'ei 
caused to descend through a given fall at each stroke — is entirely 
expended in compressing a certain volume of air from atmospheric 
pressure to that state. 

Each machine b a U-shaped s3rphon pipe, furnished with certain 
valves, so arranged that the descending column of water in one leg, 
rising into the other, compresses the air pent between it and the 
valves, which, near the top, discharge into a large air-vessel. When 
the one oscillation of the aescending column of water has done this 
work, it is discharged by another valve at the lower part of the 
syphon, and its place filled with air ready for another compression 
by the next stroke. There are twelve oi more of these bmers, all 
similar, working into a common reservoir, which communicates by 
a pipe 7^ inches diameter with the remotest interior end of the 
tunnel working or forehead. The main pipe of each hSUer is 2 feet 
diameter, with, as has been said^ 85 feet of head^ and communicating 
with an air-vessel of 600 cubic feet of capacity. Such machines 
alone were employed at first. Subsequently at both ends of the 
tunnel, air-compressing pumps, driven by water-wheels, have 
been superaddea. At the Modane end 85 feet of head, which is 
required to compress the air to 5 atmospheres, not being afforded 
by nature, water-wheels were established by the engineers, MM. 
Sommeiller et Grandis^ to pump water up to that elevation, whence 
it was let down again m acting upon the bSUers — a most extraordi- 
nary example of mistaken dynamics, and one that we should not 
have been prepared to find practised by men of their imdoubted 
ability. More recently, however, this has been altogether abandoned 
at this end, and the water-wheels applied directly to comprees tha 
air by tdr-pumps. 
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These pumps have two horizontal cylinders, each SIJ inches 
diameter, with a 6-foot stroke, and making 12 strokes per minute. 
The pistons do not act upon the air direcuy, but by the interven- 
tion of an oscillating snort column of water held above them, 
whereby leakage of the air past the piston is avoided in great 
part. The air thus compressed and introduced to the forehead, is 
then employed (exactly as in the coal-cutting machinery of Frith 
and Donisthorpe, described in the "Practical Mechanics* Journal," 
for 1864), to actuate small perforating machines, travelling upon 
a framework on wheels and railway, laid in the timnel, beneath 
which is the air-pipe. Each machine is much of the nature of a 
small high-pressure horiaontal steam engine — the prolonged piston- 
rod of which is the steel drill or jumper, by the repercussion of 
which the rock is perforated for the admission of the charges of 
powder by which the forehead b successively blown away. 

Each machine is so fixed to the frame that the direction of the 
blows of the jumper can be changed and fixed at will, and it em- 
braces movements by which the jumper is twisted slowly on its 
own axis, and advanced as the hole deepens. Each machine makes 
250 strokes per minute, with a stroke variable from 2 inches up to 

7 inches. The striking plus pressure on the piston, or that over 
and above the back pressure, or air-spring which brings back the 
pibton at the end of the stroke, is 216 lbs. ; so that, at full stroke, 
each machine is equivalent to 2*4 horse- power in action. 

From the 7J-inch mam, flexible pipes of vidcanised India rubber, 
wrapped with wire (to enable it to withstand the pressure), and 
of 2 inches internal diameter, supply the air to each machine. 

There are eleven of these percuteurs or perforators at one end, 
and nine of them at the other, usually at work. 

A large close vessel of water accompanies the carrying-frame at 
each end, and is in communication with the air-main, so that a 
stream of water under a pressure of five atmospheres is constantly 
squirted into each jumper-hole while in progress, and washes out 
the dShri'i away from the cutting-edge. 

Each machine weighs 6 cwl They are so frequently shaken to 

Eieces, or damaged more or less by the recoil of the rough jarring 
lows to which they are constantfy exposed, that it is necessary to 
have four machines always imder repair for one in action. 

About eighty jumper-holes are bored »ar««m^ over the face of the 
forehead by changing the position of the several machines to each 
shift. When these are bored, each from two-thirds to a metre deep, 
the whole frame with the machines is drawn back on the rails about 
100 yards, the holes are all charged by cartridges, and fired nearly 
simultaneously. A pair of temporary folding- doors, in advance of 
the place of the machines, are closed, t) prevent injury by chance 
projectiles. The dihlais is removed in small waggons, on side rails. 

08 soon as possible after the explosion, and then the frame and 
machines are run up again, to begin work anew. 

A much larger jumper-hole is made in the centre of the face, 
ind it is thought this central heavy charge is of great value in 
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removing a f^ater depth of rock. There can he no douht of this 
within certain not very large limits. We helieve the very host 
effect would be obtained by firing all the charges ab-olutely simulta- 
neously by galvanism, for which instruments are provided of grea^ 
aimplicity and certainty.* 

As regurds the comparative cost of this method and of hand- 
work, Mr. Sopwith, in his tfaper read before the Institution of Civil 
Engineers, concludes that it is two and a half times a> C0i*tly as 
the same result obtained by hand labour, but that the rate of 
progress is three times as fast. We must say we were unable to 
agree with the former part of Mr. Sopwith's conclusion, and believe 
thi.,t his estimate greatly overrates the cost. To justly estimate the 
comparative cost, the time of final completion is an indispensable 
element, in the enormous sums saved in interest on capital and in 
salaries, &c., &c., on the one hand, and by hastening of the period 
for returns by traflic begun, upon the other. 

From 1858, when the works at Mont Cenis were nominally 
begun, to the end of the year 1862, the average rate of progress of 
the tunnel was 3,686 feet per day. This soon after reached and 
exceeded 4 feet per day. Still more recently, however (March, 
1865), a comparatively soft rock has been entered at the Modane 
end, and whereas prior to this the best rate of progress anticipated 
was at the average of 800 metres per annum, or of 400 for either 
end, the experience at the Modane end has since been that this 
soft rock is penetrated at the rate of 250 metres per month, or at 
that of 3,000 metres per annum. If this should be confirmed and 
continued, the aperture right through may be looked for within the 
next three years, or three and a half. In such an event, what 
becomes of any estimate of comparative cost which leaves out of 
view the saving of perhaps six years^ interest on capital, &c., and 
substitutes on the other side probably five and a half years' profits 
of traffic? 

The cost 80 far (i,e, prior to the soft rock being foimd) would 
appear, according to Mr. Sopwith, to be about £210 per metre 
forward on the !«ench end. The total estimated cost of the work 
is £2,600,000, as fixed by the engineers of the lines at the French 
and Italian sides, and by the convention as to payment, entered 
into by these respective governments. 

The jumper-holes are charged with powder in waterproof cart 
ridges, and fired either by fuse or galvanically. For some advan- 
tageous arrangements invented and employed for the galvanic 
ignition of blasting charges in jumper-holes, 6y Mr. R. Mallet, C.E,, 
reference may be made to his paper on the subject, printed in the 
Transactions of the Institution of Civil Engineers of Ireland. 

On the subject of xocV-hevjing machinery, i.e. machinery for 
cutting out thin dividing channels, in coal particularly, but equally 
applicable to soft rock, such as our Portland or Bath stone, or the 
Cfaen stone, the reader will find a good deal of information in the 

* Such instruments, the invention of Mr. Becker, are made for sale by 
Messrs. Elliotts St. Martin's Lane. London. 
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** Practical Mechanics' Journal" for 1863—64, in the "Trans- 
actions of the Northern Mining Institute '* for March, 1865, and 
in the printed specifications of tlie Patent Office. Not less than 
forty or fifty different patents for such machinery have been already 
taken out in Great Britain only, and many abroad. Amongst 
the^e various machines, Firth and Donnisthorpe*s, which works 
with compressed air, is practically one of the most successful. It 
has been tried in Yorksnire and also in Durham coal-seams with 
perfect success. The hydraulic coal-cutting machine patented by 
Messrs. Garrett and Marshall, of Leeds, engineers, has also been 
worked with success in the Kappax Colliery, near Leeds. It 
isolates the blocks of coal ready for removal at about one half the 
cost of manual labour, and saves more than 18 per cent of the 
coal at present wasted UmUy by the process of hand hewing. 

This machine works upon a principle very analogous to a slot- 
ting machine tool, the cutting instrument being driven forth 
and retracted by wat-er pressure, and moving at a m^erate velocity. 
This, like the former machine, wiU work well in coal, or soft, unsi- 
Uceous rock, but u|)on the fundamental principle already adverted 
to, this last machine cannot be em[>loyed in any hara or gritty 
rock, or in one of very uneven or crystaUine texture. 

It would be foreign to the direct subject of this volume, however, 
to go more at lengui into this latter class of machines, as being 
but indirectiy connected with the subject of blasting. 

In another and wholly different direction a good deal of addi- 
tional light has been thrown, since the period of Sir F. Burgoyne's 
writing, upon the advantages (under certain circimistances St rock) 
of substituting for jumper operations the use of great minea for 
quarrying puiposes. 

Thus, at Holyhead Quarries, where the rock is quartzite, mines 
occasionally of lour or five headings, and charged with six or seven 
tons of gunpowder, have been fired, and mines of one or two tona 
are a thing of daily loutine for years past. 

The economy in labour thus effected m procuring the rock, and the 
advantage in obtaining very large blocks (fifteen tona being aimed 
at), are very great Some account of these operations has been given^ 
we believe, oy Mr. Cousins, C.E., the inteDigent agent of Messrs. 
J. and C. Rigby, the contractors for the Asylum Harbour, at Holy- 
head, for the formation of which the quarries are wrought Since 
the appearance of this work, also, the whole subject of gun-cotton, 
as an explosive agent, has greatly advanced, and there appears 
good ground for concluding that ultimately, and ere very long, it 
may h^ found a far more econonomical and safe, as it is undoubt* 
edly a far more powerful explosive agent for blasting, or for mines 
in rock, than the ancient agent, gunpowder. 

Upon this part of the subject the '' Transactions of the British 
Association " for 1863, 1664, and 1865, the Keporc of General 
Lenk, of the Austrian service, and various military and artiHery 
journals, British and foreign, during the last three years, may be 
eonsultecL R. jil. 
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4lH«rd6eti, blasting in the granite 
quarries of, 78. 

Air pumps used in tunnelling Mont 
Cents described, 130* 

Angen, slate quarries at, 83. 

Apparatus, Yignolee boring, 5. 

Arrangement of chaiges for blast- 
ing, 7. 

Arrows, tamping, 53. 

Augers, use of for boring, 4. 

Baking, slate hardened by, 83 n. 

Bangor, slate quarries at, described, 
82. 

Bartlett's rock perforating machine, 
127 ; works containing accounts 
of, 127. 

Batteries, firing mines by voltaic, 84; 
^ring trains by voltaic, 34. 

Bickford's patent fuse described, 
30 n. ; use of, 30. 

Bickf ord's sump fuse, 32 ; how used,32. 

Blasting : advantages derived from 
joints in the ^ocI^ 14 *, boring for, 
Z ; results of boring in the granite 
quarries at Dalkey, 3 ; borUig out 
tamping, 4; charges of powder 
for, 0, 24 ; arrangement of 
charges, 7; proper method of 
arranging the charges in various 
cases, 9; usual charge, 9; firing, 
31 ; firing in shafts, 35 ; firing by 
voltaic battery, 34. 

Blasting in deep water, 32 ; in the 

franite quarries of Aberdeen and 
teterhead, 78; at the Holyhead 

quarries, 131 ; in the Jumna, and 

at Delhi, 76. 
Blasting limestone of the Antrim 

coast. 78 ; limestone at Plymouth, 

77, 79. 
Blfuting, loading for, described, 26. 
Blasting at Mont Cenis, 131. 
Blasting needle, 2. 
Blasting powder, experiments on the 

power of^ 18 ; experiments on the 

strength of Government and 

merchants' powder, 20 ; results, 21 
Blasting, powder best for, 22 

quality of powder for, 17 ; space 



occupied by a given qnantlty of 
powder, 16; quarry shields, 36; 
selection of holes for, 5 ; systm of, 
at Gibraltar, 25; Umping, 26, 
37 ; ordinary process of tamping, 
27 ; evils of the ordinary process 
of tamping, 27 ; improvements on 
the ordinary process of tamping 
29; tamping plugs, 50; tools for, 
2; use of nitric acid to form a 
cavity at the end of a bore, 74 and 
16 n. ; value of leaving a hollow 
space above the charge in, 23; 
V ignoles boring apparatus, 5 

Blasting train, described, 29. 

Boring apparatus, Viffnoles, 5. 

Boring for blasting, 2 ; chum jump- 
ers, advantage of, 4 ; danger of re- 
boring a charged hole, 4; holes, 
selection of, for boring, 5; im 
proved methods of, 127 ; method 
of enlarging the inner end of bores 
with nitric acid, 16 ». and p. 74 ; 
boring out tamping, 4; use of 
augers for boring out tamping, 4 ; 
results of boring in the granite 
quarries at Dalkey, 3; waste of 
steel and iron at ditto, 3 ; weight 
of hammers used at ditto, 3. 

Bridge at Duenas, destruction of, 
described. 111. 

Bridges, attempted destruction of 
Hungarian, 115; attempted d«v 
stniction of, over the Ticino, 117 ; 
method of mining, 109 ; Spanish, 
described, 109 ; system followed in 
the destruction of, in Spain, 109 ; 
wooden, system of destroying, 114. 

Brick, broken, value as tamping, 46 ; 
experimenta on, 47; conclusi9m 
from ditto, 49, 

Building, stone<< used in, 88 ; division 
of, 89; granite, 89; limentones, 
101 ; magnesian limestones, 102 ; 
results of Professor DanieU's ex- 
periments on J 05; sandstones, 97 
serpentine and porphyry, 95; slatA. 
96 

*« Bulling "defined 79. 
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Garrett and Marshall's coal-cutting 
machine, 131. 

Charges, arrangements of, for blast- 
ioK) 7 ; proper method of arrang- 
ing the, in various cases, 9 ; usu^ 
6. 

Chisel quarrying, 2. 

Churn jumpers, 3. 

Clav tamping, boring out, 4 ; table 
snowing the value of clav and sand 
for, 37. 

Cliff, removal ai the Round Down, 
Dover, 84. 

Coal cutting machines, 131. 

Commercial-road stoneway, experi- 
ments made on the, to test the 
wear of granite, 93. 

Cones, use of, in tamping, 51. 

Cornwall granite, described, 90. 

Cost of tunnelling, 72. 

Crimea, services of the Royal Engi- 
neers in the, 120. 

Dalkey, results of boring in the 
granite quarries at, 3. 

Danger of reboring a charged hole, 4. 

Daniell's experiments on the stones 
used in building, 105. 

Delhi, blasting at, described, 76. 

Destruction of bridges in Spain, 
described, 109. 

Double tunnels, 63; comparison of 
the advantages of single and 
double, 64. 

Dover, removal of the Round Down 
Cliff at, 84. 

Drainage of timnels, 68. 

Drenodrohur, tunnel at, 72 ; cost of 
ditto, 73. 

Duenas, destruction of the bridge at, 
described. 111. 

Eisleben, slate quarries at, 83. 

Electricity, firing mines by the aid 
of voltaic, 84. 

Engineer department, powder used 
by the, for blasting, 22. 

Engineers, services of the Royal, in 
the Crimea, 120. 

Eprouvette mortar, described, 19. 

Eprouvette gun, described, 19. 

Experiments on the power of blaat- 
ing powder, 18 ; on the strength 
of Grovernment and merchants' 
blasting powder, 18 ; results, 21. 

Felspar, composition of, 89. 

Firing mines by voltaic electricity, 

rt4. 
Firinc: trains bv voltaic battery, 34. 



Floors of tunnels, 65. 

France, slate quarries in, 83. 

French method of ventilating shafts, 
Ac, 71. 

Fuse, Bickford's patent, 30 ; use of, 
described, 30 ; sump, described, 32. 

Germany, slate quarries in, 83. 

Gibraltar, system of blasting at, 25. 

Gneiss, 96. 

Granite described, 89; celebmtocl 
works constructed of, 90; con' 
stituents of, 89; Cornwall, de- 
scribed, 90 : Ferm, described, 90 ; 
porphyry, 95* quarries of Aber- 
deen and Peterhead, blasting in 
the, 78 ; resistance to crushing of 
the various kinds of, in use, 93, 
94 ; results of boring in, 3 ; Scotch, 
described, 90; serpentine, 95; table 
of the results of the wear of diffe- 
rent granites, 92 ; Vale stone, 92 ; 
water, absorption of, by Irish 
granite, 95; wear of, 93; where 
found, 89. 

Gun-cotton as a blasting agent, 131. 

Gun, Eprouvette, 19. 

Gunpowder, see Fowdety blasting, 

Guernsey granite, described, 90. 

Herm granite, described, 90. 

Holes, boring, for blasting, 2 ; danger 
of reboring charged, 4 ; selection 
of, for boring, 5; table showing 
the space occupied by a given 
quantity of powder in round, 16 ; 
use of nitnc acid to enlarge the 
inner end of, 16 n. and 74. 

Uolvhead quarries, blasang at the, 
1^1. 

Hornblende, composition of, 89. 

Hornstone, 96. 

Hnngary, attempted destruction of 
bridges in, described, 115. 

Ilmenau, slate quarries at, 83. 

Introductory observations, 1. 

Irish granite, absorption of water 
by, 95. 

Joints, advantage derived from, in 
rocks, 14. 

Jumna, blasting in the, 76. 

Jumpers, 2 ; chum, 3 ; advantage of 
chum, 3. 

Kingstown Harbour, account of the 
use of the patent fuse at, 30. 

Layagna, slate quarry at, 83. 

Liebhaber's ( Baron )^ patent for(!n> 
larging the inner end of boivv foi 
bhuting, 75. 
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T/imestone, blasting the, of tbe ooast 
of Antrim, 78 ; blasting, at Ply- 
mouth, 77, 79 ; cost of blasting, 
80. 

Limestones and oolites, 101 ; analy- 
ses of, 101 ; buildings constructed 
of, 102; composition of, 102; 
weights of, 101. 

Limestones, magnesian, analyses of, 
102 ; buildings constructed of, 103 ; 
compositiim of, 103 ; durability of, 
103; weight of, 102. 

Line of least resistance defined, 5. 

Liverpool, cost of the railway tunnel 
at, 73. 

Loading, process of, 26. 

Materials most suitable for tamping, 
69. 

Mines, firing, by voltaic electricity, 
84. 

Mines, Mallet's method of firing gal- 
vanirally, 131. 

Mont Cenis Tunn«l, 128 ; blasting at, 
described, 131 ; machinery, &o., 
employed, 129; air pumps, 130; 
strata to be passed through, 129. 

Mortar, eprouvette, 19. 

Needle, blasting, 2 

Nelson's memoranda on the quarry- 
ing of Plymouth limestone, 79. 

Nitric acid, use of, for forming a 
cavity at the end of a bore, 16 n, 
74. 

Observations, introductory, 1. 

Oolites, see Limestones. 

Packed sand, value of, for tamping, 
44. 

Patents for rock-hewing machinery, 
131. 

Percussion, necessity of tools for rock 
perforation acting by, 128. 

Perforators employed at the Mont 
Cenis Tunnel described, IcO. 

Pesth, attempted destruction of the 
bridge at, 115. 

Peterhead, blasting in the granite 
quarries of, 78. 

" Plug and Feather,'' cutting with, 79. 

Plugs, tamping, described, 50; re- 
sults of experiments with, 55. 

Plymouth, blasting limestone at, 77, 
79 ; cost, 80. 

Porphyry, 95. 

Potstone, 95. 

Powder, blasting : best for blasting, 
22 ; charges, 5, 24 ; experiments 
on the power of, 18 ; experiments 



on the strength of OcT«rDme»t 
and merchants', 20; results of 
ditto, 21; mixture of quicklime 
with, 24 ; quality of, 17 ; sawdust, 
its value in, 22 ; space occupied by 
any given quantity of, 16 ; used by 
the Royal Engineer department, 
22 ; usual charge, 5. 

Quality of powder used for blasting, 
17. 

Quarries, blasting in the, of Aber- 
deen and Peterhead, 78. 

Quartz, composition of, 89. 

Quartz rock, 96. 

Quarry, rubbish, use of, as tamping, 
46. 

Quarry shields, 36. 

Quariying slate, 81 ; tools for, 2. 

Quicklime, mixture of, with blasting 
powder, 24. 

Resistance, line of least, defined, 5. 

Rimogne, slate quarries at, 83. 

Rock, best positions to operate on, 9 

Rock, advantages of joints in the, 14. 

Rock-hewmg ma<;hinery, 131. 

Rock perforating machinery, Bart- 
lett's, 127. 

Rock perforation, necessity of tools 
for, acting bv percussion, 128. 

Roofs of tunnels, forms of, 63. 

Round Down Cliff described, 84 ; re- 
moval of, by blasting, described, 
85 ; cartridges, 87 ; cases for the 
charges, 87 ; chambers for deposit- 
ing the charges, 85 ; charges, 85 ; 
conducting wires, 86; firing the 
mines, 87; mass removed, 88; 
priming wires, 87 ; tamping, 87 ; 
voltaic batteries described, 86. 

8and, use of, for tamping, 38 ; ex- 
periments on tamping with packed, 
44; conclusions from ditto, 45; 
table showing the comparative 
value of clay and sand for tamp- 
ing, 40. 

Sandstones, 97 ; beds of, 97 ; chemi- 
cal analyses of, 97 ; durability of, 
99 ; resistance of, to pressure, 99 ; 
selection of, for building purposes, 
98 ; weight of, 98. 

San Martino, attempted destruction 
of the bridge at, 117. 

Sawdust, value of mixing, with blast* 
ing powder, 22. 

Scotch granite described, 90. 

Serpentine described* 95; vihom 
found, 95. 
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Shafts, sinkingy 66; disadvantages 
of, 66 ; firing trains in, 35. 

ShellA, experiments on the strength 
of Government and merchants' 
blasting potirder, by bursting, 20. 

Shields, quarry, b6. 

Slate, constituents of, 96 ; geological 
division of, 96; hardened by 
baking, 83 n. ; Irish quarries, 97 ; 
quarries in England, 97; Scotch 
quarries, 97. 

Slate quanying, 81 ; at Bangor, 82 ; 
in France, 83; geological forma- 
tion, 82 ; greenstone dykes, removal 
of, 83; in Italy, 83; process ex- 
plained, 82 ; in Switzerland, 83. 

Spanish bridges described, 109. 

Stone tamping, boring out, 4. 

Stone, broken, as tamping, 46 ; ex- 
periments on, 47; conclusions from 
ditto, 36. 

Stones used in building, 88 ; division 
o^ ^» granite, 89; limestones, 
101 ; ma^nesian limestones, 102 ; 
results of Professor Daniell's ex- 
periments on, 105 ; sandstones, 97 ; 
>brpentine and porphyry, 95 ; ^ate, 
96. 

6trata, effects of, in tunnelling, 67. 

Sump fuse described, 32. 

SwitJEerland, slate quarries in, 83. 

Table of the power of blasting pow- 
der, 18; of experiments on the 
comparative strength of Govern- 
ment and merchants' blasting pow- 
der, 20 ; showing the space occu- 
pied by any given quantity of 
powder in round holes, 10 ; of the 
wear of different granites, 92; 
showing the resistance to crushing 
of the various kinds of granite in 
use, 93 ; showing the resistance to 
pressure of sandstones, 100 ; show- 
ing the value of sand and clav for 
tamping, 40 ; of experiments show- 
ing the value of packed sand for 
tamping, 44; showing the results 
of experiments on tamping with 
broken brick and stone, 47 ; show- 
ing the results of experiments with 
tamping plugs of different forms, 
{t5. 

Tainping described, 26, 37 ; bonng 



out, 4 ; broken brick, 46 ; brokm 
stone, 46 ; materials for, 37 ; ob« 
servations on the nuiterials most 
suitable for, 59 ; plugs, 50 ; results 
of experiments with plugs, 55 ; uso 
of sand for, 38; experiments on 
the relative value of sand and clay 
for, 40 ; experiments on the value 
of packed sand for, 44; conclu- 
sions from ditto, 45. 

Ticino, attempted destruction of th? 
bridge over the, near Magenta, do- 
scribed, 117. 

Tools for blasting, 2 ; for quarrying, 
2. 

Train for firing charges, 29 

Trains, firing, 34. 

Tremenhere, Lieut, blasting opera- 
tions in the Jumna and at Delhi, 
76. 

I'unuelling: at Mont Cenis, 128 ; cost 
of, 72; cost of the road tunnel 
of Drenodrohur, 72; cost of 
the railway tunnel at Liverpool, 
73; difficulties of, 60; dimen- 
sions of tunnels, 62; doublo 
tunnels, 63 ; comparison of the 
advantages of single and doublo 
tunnels, 64 ; drainage of tunnels, 
68 ; effects of strata, 67 ; floors of 
tunnels, 65 ; form of roof of tun- 
nels, 63 ; incline of tunnels, 68 n. ; 
process of, 61 ; shafts, sinking, 66 ; 
arrangements for ditto, 66 ; dis- 
advantages of ditto, 66; ventila- 
tion of tunnels, 69 ; apparatus for 
the ventilation of tunneLs "Jl. 

Vale stone granite, described^ 92. 

Ventilation of tunnels, 69 ; apparatus 
for the, 71. 

Vernon, Captain, on the 8er\-ices of 
the Roval Engineers in the Crimea. 
120. ' 

Vialet's method of hardening slate h} 
baking, 83 n. 

Vignole's boring apparatus, 5. 

Voltaic battery, firing trains wit! 
the, 34 ; firing mines by, 84. 

Water, absorption of, by Irish granite 
95 ; blasting in deep, 32. 

Whetstone slate, 96. 

Wooden bridges, system of destruy 
ing, 114. 
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revised and corrected by J. R. Young, formeriy Professor of Mathematics, 
Belfast College. Illustrated with Plates and Diagrams . . . 2/0 

Mensuration and Measuring. 

For Students and Practical Use. With the Mensuration and Levelling of 
Land for the purposes of Modem Engineering. By T. Baker, C.E. New 
Edition by E. Nugent, C.E 1/6 



MINING AND METALLURGY. 
Mineralo^f, 

Rudiments of. By A. Ramsay, F.G.S. Third Edition, revised and 
enlarged. Woodcuts and Plates 3/6 

Goal and Coal Mining, 

A Rudimentary Treatise on. Bv the late Sir Warington W. Smyth, 
F.R.S. Seventh Edition, revised and enlarged 3/6 

Metallur^ of Iron. 

Contaminz Methods of Assay, Analyses of Iron Ores, Processes of Manu- 
facture of Iron and Steel, &c. By H. Bauerman. F.G.S. With numerous 
Illustrations. Sixth Edition, revised and enlarged .... 6/0 

The Mineral Sunreyor and Valuer's Complete Onide. 

By W. LiNTBRN. Third Edition, with an Appendix on Magnetic and 
Angular Surveying 3/6 

Slate and Slate Quarrying: 

Scientific, Practical, and Commercial. By D. C. Davies, F.G.S. With 
numerous Illustrations and Folding Plates. Third Edition . •3/0 

A First Book of Mining and Quarrying, 

with the Sciences connected therewith, for Primary Schools and Self In- 
struction. By J. H. Collins, F.G.S. Second Edition . . .1/6 

Subterraneous Surireyin^, 

with and without the Magnetic Needle. By T. Fenwick and T. Bakbr, 
C.E. Illustrated 2/6 

Mining Tools. 

Manual of. By William Morgans, Lecturer on Practical Mining at the 
Bristol School of Mines 2/6 

Mining Tools, Atlas 

of Engravings to Illustrate the above, containing 235 Illustrations of Mining 
Tools, drawn to Scale. 4to 4>/6 

Physical Geology, 

Partly based on Major-General Portlock's " Rudiments of Geology." 
By RalphTatb, A.L.S., &c Woodcuts 2/0 

Historical Geology, 

Partly based on Major-General Portlock's " Rudiments." By Ralph 
Tate, A.L.S., &c. Woodcuts 2/6 

Geology, Physical and Historical. 

Consisting; of ** Physical Geology," which sets forth the Leadbg Principles 
of the Science; and "Historical Geology," which treats of the Mineral and 
Organic Conditions of the Earth at each successive epoch. By Ralph 
Tate, F.G.S 4/6 

Bleotro-Metallurgy, 

Practically Treated. By Albxander Watt. Ninth Edition, enlarged 
and revised, including the most Recent Processes .... 3/6 
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MECHANICAL ENGINEERING. 
The Workman's Manual of SSngineering[ Drawing. 

By John Maxton, Instructor in Engineering Drawing, Royal Naval 
College, Greenwich. Seventh Edition. 300 Plates and Diagrams . 3/6 

Fuels: Solid, Liquid, and Gaseous. 

Their Analysis and Valuation. For the Use of Chemists and Engineers. 
By H. J. Phillips, F.C.S., formerly Analytical and Consulting Chemist 
to the Great Eastern Railway. Second Edition, Revised . . . 2/0 

Fuel, Its Combustion and Economy. 

Consisting of an Abridgment of " A Treatise on the Combustion of Coal and 
i the Prevention of Smoke." By C W. Williams, A.I.C.E. With Exten- 

sive Additions by D. K. Clark, M. Inst. C.E. Third Edition . 3/6 

The Boilermaker's Assistant 

in Drawing, Templating, and Calculating Boiler Work, &c. By J. Court- 
NBV, Practical Boilermaker. Edited by D. K. Clark, C.£. . 2/0 

The Boiler-Maker's Ready Reckoner, 

with Examples of Practical Geometry and Templating for the Use of 
Platers, Smiths, and Riveters. By John Courtney. Edited by D. K. 
Clark, M. I.e. £. Second Edition, revised, with Additions . . 4/0 

\« TJkf last two Works in One Volume^ half-bound, entitled " The Boiler- 
maker's Rbadv-Rbckonbr and Assistant. By J. Courtney and 
D. K. Clark. Price 7*. 

Steam Boilers: 

Their Construction and Management. By R. Armstrong, C£. Illustrated 

1/6 
Steam and Maohinery Management. 

A Guide to the Arrangement and Economical Management of Machinery. 
By M. Powis Bale. M. Inst. M.E 2/6 

Steam and the Steam Bngine, 

Stationary and Portable. Being an Extension of the Treatise on the Steam 
Engine of Mr. J. Sewell. By D. K. Clark, C.E. Third Edition 3/6 

The Steam Entfine, 

A Treatise on the Mathematical Theory of, with Rules and Examples for 
Practical Men. By T. Baker, CE 1/6 

The Steam Bngine. 

By Dr. Lardner. Illustrated ..... • • 1 /6 

liOOomotiYe Bngines, 

By G. D. Dempsev, C. £. With large Additions treating of the Modem 
Locomotive, by D. K. Clark, M. Inst. C.E 3/0 

liOComotiYe Bngine-Driiring. 

A Practical Manual for Engineers in charge of Locomotive Engines. By 
Michael Reynolds. Eighth Edition. 3^. td, limp ; cloth boards 4/6 

Stationary Engine-Driving. 

A Practical Manual for Engineers in charge of Stationary Engines. By 
Michael Reynolds. Fourth Edition. 3^. (>d, limp ; cloth boards . 4/o 

The Smithy and Forge. 

Including the Farrier's Art and Coach Smithing. By W. J. E. Crane. 
Second Edition, revised 2/6 

Modern Workshop Practice, 

As applied to Marme, Land, and Locomotive Engines, Floating Docks, 
Dredging Machines, Bridges, Ship-building, &c. By J. G. Winton. 
Fourth Edition, Illustrated 3/6 

Mechanical Engineering. 

Comprising Metallurgy, Moulding, Casting, Forgine, Tools, Workshop 
Machinery, Mechanical Manipulation, Manufacture of the Steam Engine, 
&C. By Francis Campin, CE. Third Edition .... 2/6 

Details of Machinery. 

Comprising Instructions for the Execution of various Works in Iron in the 
Fitting-Shop} Foundry, and Boiler-Yard. By Francis Campin, C.E. 3/0 
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Elementary Engineering: 

A Manual for Young Marine Engineers and Apprentices. In the Form of 
Questions and Answers on Metals, Alloys, Strength of MateriaL<!, &c. 
By J. S. Brewer. Second Edition 2/0 

Power in Motion: 

Horse-power Motion, Toothed-Wheel Gearing, Long* and Short Driving 
Bands, Angular Forces, &c By Jambs Armour, C.E. Third Edition 2/0 

Iron and Heat, 

Exhibiting the Principles concerned in the Construction of Iron Beams, 
Pillars, and Girders. By J. Armour, C.E. 2/6 

Practical Mechanism, 

And Machine Tools. By T. Baker, C.E. With Remarks on Tools and 
Machinery, by J. Nasmyth, CE 2/6 

Mechanics : 

Being a concise Exposition of the General Principles of Mechanical Science, 
and their Applications. By Charles Tomlinson, F.R.S. . .1/6 

Cranes (The Construction of), 

And other Machinery for Raising Heavy Bodies for the Erection of Build- 
ings, &C. By Joseph Glynn, F.R.S 1/6 



NAVIGATION, SHIPBUILDING, ETC. 
The Sailor's Sea Book: 

A Rudimentary Treatise on Navigation. By Jambs Greenwood, B.A. 
With numerous Woodcuts and Coloured Plates. New and enlarged 
Edition. By W. H. RosssR 2/6 

Practical Mavigation. 

Consbting of Thb Sailor's Sba-Book, by Jambs Greenwood and W. H. 
ROSSBR ; together with Mathematical and Nautical Tables for the Working 
of the Ftobiems, bv Hbnrv Law, C.lfi., and Prof. J. R. Young . 7/0 

Navigation and Nautical Astronomy, 

In Theory and Practice. By Prof. J. R. Young. New Edition. 2/6 

Mathematical Tables, 

For Trigonometrical, Astronomical, and Nautical Calculations ; to which is 
prdfixed a Treatise on Logmthms. By H. Law, C.E. Together with a 
Series of Tables for Navigation and Nautical Astronomy. By Professor J. 

R. Young. New Edition 4./0 

Masting, Mast-Making, and Rigging of Ships. 

Also Tables of Spars, Rig^ng, Blocks ; Chain, Wire, and Hemp Ropes, 
&C., relative to every class oT vessels. By Robert Kipping, N.A. . 2/0 

Sails and SaU-Making. 

With Draughting, and the Centre of Effort of the Sails. By Robert 
Kipping, NT A 2/6 

Marine Engines and Steam Vessels. 

By R. Murray. C.E. Eighth Edition, thoroughly Revised, with Addi- 
tions by the Author and by George Carlisle, C.E. . . . 4>/6 

Iron Ship-Building. 

With Practical Examples. By John Grantham. Fifth Edition . 4/0 

Maval Arohitecture : 

An Exposition of Elementary Principles. By Jambs Peaks . . 3/6 

Ships for Ocean and River Service, 

Principles of the Construction of. By Hakon A. Sommerpeldt . 1 /6 

Atlas of jBngravings 

To Illustrate the above. Twelve large folding Plates. Royal 4to, cloth 7/6 

The Forms of Ships and Boats. 

By W. Bland. Seventh Edition, revised, with numerous Illustrations and 
Models - 1/6 



ft WEALE*S SClEKTIFtC Al«) TECHNICAL Sl?RlES. 

ARCHITECTURE AND THE 

BUILDING ARTS. 
Constructional Iron and Steel Work, 

as applied to Public, Private, and Domestic Buildinfi^. By Francis 
Campin, CE 3/6 

Building Estates: 

A Treatise on the Development, Sale, Purchase, and Management of Build- 
ing Land. By F. Maitland. Second Edition, revised . 2/0 

The Science of Building: 

An Elementary Treatise on the Principles of Construction. By E. Wvmd- 
HAM Tarn, M.A. Lond. Third Edition, revised and enlarged . 3/6 

The Art of Building: 

General Principles of Construction, Strength, and Use of Materials, Working 
Drawings, Specifications, &c. By Edward Dobson, M.R.I.B.A. . 2/0 

A Book on Building, 

Civil and Ecclesiastical. By Sir Edmund Bbckbtt, Q.C (Lord Grim- 
thurpe). Second Edition 4>/6 

Dvelling-Houses (The Erection of). 

Illustrated by a Perspective View, Plans, and Sections of a Pair of Villas, with 
Specification, Quantities, and Estimates. By S. H. Brooks, Architect 2/6 

Ck>ttage Building. 

By C. Brucb Allen. Eleventh Edition, with Chapter on Economic Cot- 
tages for Allotments, by E. E. Allen, C.E 2/0 

Acoustics in Relation to Architecture and Building: 

The Laws of Sound as applied to the Arrangement of Buildings. By Pro- 
fessor T. Roger Smith, F.R. LB. A. New Edition, Revised . . 1/6 

The Rudiments of Practical Bricklaying. 

General Principles of Bricklaying ; Arch Drawing, Cutting, and Setting ; 
Pointing ; Paving, Tiling, &c By Adam Hammond. With 68 Woodcuts 

1/6 
The Art of Practical Brick Cutting and Setting. 

By Adam Hammond. With 90 Engravings . . . . •1/6 

Brickwork : 

A Practical Treatise, embodying the General and Higher Principles of 
Bricklaying, Cutting and Setting ; with the Application of Geometry to Roof 
Tiling, Ac By F. Walker 1/6 

Bricks and Tiles, 

Rudimentary Treatise on the Manufacture of ; containing an Outline of the 
Principles of Brickmaking. By E. Dobson, M.R.LB.A. Additions by 
C. Tomlinson, F.R.S. Illustrated 3/0 

The Practical Brick and Tile Book. 

Comprising: Brick and Tile Making, by E. Dobson, A.LC.E. ; Prac- 
tical Bricklaying, by A. Hammond ; Brickwork, by F. Walker. 
550 pp. with 270 Illustrations, strongly half-bound . . . • 6/0 

Carpentry and Joinery — 

The Elementary Principles of Carpentry. Chiefly composed from the 
Standard Work of Thomas Trbdgold, C. E With Additions, and Treatisb 
ON Joinery, by E. W. Tarn, M.A. Fifth Edition, Revised . . 3/6 

Carpentry and Joinery— Atlas 

Of 35 Plates to accompany and illustrate the foregoing book. With 
Descriptive Letterpress. 4to 6/0 
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A Praotioal Treatise on Handrailintf; 

Showing New and Simple Methods. By Geo. Collings. Second Edition. 
Revised, including a Trbatisb on Stairbuilding. With Plates . 2/6 

Circular Work in Carpentry and Joinery. 

A Practical Treatise on Grcular Work of Single and Double Curvature. 
By George Collings. Second Edition 2/6 

Roof Carpentry: 

Practical Lessons in the Framing of Wood Roofs. For the Use of Working 
Carpenters. By Geo. Collings 2/0 

The Construction of Roofs of Wood and Iron; 

Deduced chiefly from the Works of Robison, Tredjfold, and H umber. By 
E. WvNDHAM Tarn, M. A., Architect Second Edition, revised . 1 /6 

Thta Joints Made and Used by Builders. 

By Wyvill J. Christy, Architect. With i6o Woodcuts • • 3/0 

Shoring 

And Its Application : A Handbook for the Use of Students. By Gborgb 
H. Blagrovb. With 31 Illustrations 1/6 

The Timber Importer's, Timber Merchant's, and 
Builder's Standard Guide. 

By R. E. Grandy 2/0 

Plumbing: 

A Text-Book to the Practice of the Art or Craft of the Plumber. With 
Chapters upon House Drainage and Ventilation. By Wm. Paton Buchan. 
Sixth Edition, revised and enlarged, with 380 Illustrations . . 3/6 

Ventilation: 

A Text Book to the Practice of the Art of Ventilating Buildings. By W. P. 
Buchan, R.P., Author of " Plumbing," &c. With 170 Illustrations 3/6 

The Practical Plasterer: 

A Compendium of Plain and Ornamental Plaster Woik. By W. Kbmp 2/0 

House Painting, Graining, Marbling, ft Sign Writing. 

With a Course of Elementary Drawing, and a Collection of Useful Receipts. 
By Ellis A. Davidson. Sixth Edition. Coloured Plates . . o/O 
%* TA£ above^ in cloth boards^ strongly bounds 6s. 

A Grammar of Colouring, 

Applied to Decorative Painting and the Arts. By Gborgb Fibld. N«w 
Edition, enlarged, by Ellis A. Davidson. With Coloured Plates . 3/0 

SSlementary Decoration 

As applied to Dwelling Houses, &C. By Jambs W. Facby. Illustrated 2/0 

Practical House Decoration. 

A Guide to the Art of Ornamental Painting, the Arrangement of Colours in 
Apartments, and the Principles of Decorative Design. By Jambs W. Facby. 

2/6 
\* T/kf last two Works in One handsomt Vol.^ half-bound^ entitled " HousB 
Dbcoration, Elementary and Practical," price 5*. 

Warming and Ventilation 

Of Domestic and Public Buildings, Mines, Lighthouses, Ships, &c. By 
Charles Tomlinson, F.R.S 3/0 

Portland Cement for Users. 

By Henry Faija, A.M. Inst. CE. Third Edition, Corrected . 2/0 

liimes, Cements, Mortars, Concretes, Mastics, Plas- 
tering, ftc 

By G. R. BuRNBLL, C.E. Thirteenth Edition . . . .1/6 
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Masonry and Stone-Cuttinj^. 

The Principles of Masonic Proiection and their application to Construction. 
By Edwakd Dobson, M.R.I.B.A. . • . 2/6 

Arohes, Piers, Buttresses, fto.: 

Experimental Essays on the Principles of Construction . By W. Blakd. 

Quantities and Measurements, 

In Bricklayers', Masons', Plasterers', Plumbers', Painters', Paperhangers', 
Gilders', Smiths', Carpenters' and Jomers' Work. By A. C. Beaton 1 /6 

The Complete Measurer: 

Setting forth the Measurement of Boards, Glass, Timber and Stone. By R. 

HoRTON. Fifth Edition . ■ 4/0 

*»* TJu above t ttrongly bound in leather, price 5s. 

liight: 

An Introduction to the Science of Optics. Designed for the Use of Students 
of Architecture, Engineering, and other Applied Sciences. By E. Wynd- 
HAM Tarn, M. A., Author of " The Science of Building," &c . .1/6 

Hints to Young Arohitects. 

By Gborgb WiGHTWiCK, Architect Fifth £diti<Mi, revised and enlarged 
by G. Huskisson Guillaume, Architect 3/6 

Architecture— Orders : 

The Orders and their ^Esthetic Principles. By W. H. Leeds. Illustrated. 

1/6 

Architecture— Styles : 

The History and Description of the Styles of Architecture of Various 
Countries, from the Earliest to the Present Period. By T. Talbot B»;ry, 

F.R.I.B.A. Illustrated 2/0 

*»• Orders and Styles of Architecture, in One Vol., 3*. 6d. 

Architecture— Design : 

The Principles of Design in Architecture, as deducible from Nature and 
exemplified in the Works of the Greek and Gothic Architects. By Edw. 

Lacy Garbett, Architect. Illustrated 2/6 

%* The three preceding Works in One handsome Vol., ha^f bounds entitled 
''Modern Architectore,"/^^ 6*. 

Perspective for Beginners. 

Adapted to Young Students and Amateurs in Architecture, Painting, &c 
By George Pvne 2/0 

Architectural Modelling in Paper. 

By T. A. Richardson. With Illustrations, engraved by O. Jewitt 1 /6 

Glass Staining, and the Art of Painting on Glass. 

From the German -of Dr. Gessert and Emanuel Otto From berg. With 
an Appendix on The Art of Enamelling 2/6 

Yitmvius— The Architecture of. 

In Ten Books. Translated from the Latin by Joseph Gwilt, F.S.A., 

F.R.A.S. With 23 Plates 6/0 

N.B.—This is the only Edition o/ViTRVViva procurable at a moderate price 

Grecian Architecture, 

An Inquiry into the Principles of Beauty in. With an Historical View of the 
Rise and Progress of the Art in Greece. By the Earl of Aberdeen 1 /Q 

*»* The two preceding Works in One handsome Vol.., half bounds entitled 
" Ancient Architecture," price 6s, 
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INDUSTRIAL AND USEFUL ARTS. 
Cements, Pastes, Olues, and Oums. 

A Practical Guide to the Msmufacture and Application of the various 
Agglutinants required for Workshop, Laboratory, or Office Use. Wiih 
upwards ofooo Recipes and Formulae. By H. C. Stan dace . . 2/0 

Clocks and Watches, and Bells, 

A Rudimentary Treatise on. By Sir Edmund Beckett, Q.C. (T^rd 
Grimthorpb). Seventh Edition 4>/6 

The Goldsmith's Handbook. 

Containing full Instructions in the Art of Alloying, Melting, Reducing, 
Colouring, Collecting and Refining, Recovery of Waste, Solders, Enamels, 
&c., &c. By Gborgb £. Gbb. Third Edition, enlarged . . . 3/0 

The Silversmith's Handbook, 

On the same plan as the Goldsmith's Handbook. By George E. Gee. 

Second Edition, Revised 3/0 

*,* The Inst two Works, in One handsome Vol,, half -bound, 7*. 

The Hall-Marking of Jewellery. 

Comprising an account of all the different Assay Towns of the United 
Kingdom ; with the Stamps and Laws relating to the Standards and Hall* 
Marks at the various Assay Offices. By Gborob E. Gee . . 3/0 

Practical Organ Building. 



Goa^h 



By W. E. Dickson, M.A. Second Edition, Revised, with Additions 2/6 
-Building: 



A Practical Treatise. By James W. Bubgbss. With 57 Illustrations 2/6 

The Brass Founder's Manual: 

Instructions for Modelling, Pattern Making, Moulding, Turning, &c By 
W. Graham 2/0 

The Sheet-Metal Worker's Guide. 

A Practical Handbook for Tinsmiths, Coppersmiths, Zincworkers, &&, with 
46 Diagrams. By W. J. E. Cranb. Second Edition, revised . 1 /6 

Seving Machinery: 

Its Construction, History, &c. With full Technical Directions for Adjust- 
ing, &c. By J. W. Urquhart, C.E 2/0 

Gas Fitting: 

A Practical Handbook. By John Black. Second Edition, Enlai^ed. 
With x^o Illustrations 2/6 

Gonstruction of Door liocks. 

From the Papers of A. C. Hobbs. Edited by Charles Tomlinson, F.R.S. 
With a Note upon Iron Safes by Robert Mallet. Illustrated . 2/6 

The Model LocomotiTe Engineer, Fireman, and 
Enjg[ine-Boy. 

Comprising an Historical Notice of the Pioneer Txx»motive Engines and 
their Inventors. By Michael Reynolds. Second Edition. With 
numerous Illustrations, and Portrait of George Stephenson . . 3/6 

The Art of Letter Painting made Easy. 

By J. G. Badbnoch. With za full-page Engravings of Examples . \ /6 

The Art of Boot and Shoemaking. 

Including Measurement, Last-fitting, Cutting-out, Closine and Making. By 
John Bedford Lend. With numerous Illustrations. Third Edition 2/0 

Mechanical Dentistry: 

A Practical Treatise on the Construction of the Various Kinds of Artificial 
^ ^ Dentures. By Charles Hunter. Third Edition, revised . . 3/0 

Wood Engraving: 

A Practical and Easy Introduction to the Art. By W. N. Brown . 1 /6 

liaundry Management. 

A Handbook for Use in Private and Public Laundries. Including Accounts 
of Modem Machinery and Appliances. By the t'DiTOR of " The Laundry 
JoumaL" With numerous Illustrations. Second Eklition . . 2/0 
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AGRICULTURE, GARDENING, ETC. 
Draining and SSmbanking: 

A Practical Treatise. By Prof. John Scott. With 68 Illustrations 1 /6 

Irrigation and Water Supply: 

A Practical Treatise on Water Meadows, Sewage Irrigation, Warping, ftc; 
on the Construction of Wells, Ponds, Reservoirs, &c. By Prof. John 
Scott. With 34 Illustrations . ^ . 1 /6 

Farm Roads, Fences, and Gates: 

A Practical Treatise on the Roads, Tramwa3rs, and Waterways of the 
Farm ; the Principles of Enclosures ; and the different kinds of Fence«, 
Gates, and Stiles. By Prof. John Scott. With 75 Illustrations . 1 /6 

Farm Buildings : 

A Practical Treatise on the Buildings necessary for various kinds of Farms, 
their Arrangement and Construction, with Plans and Estimates. By. Prof. 
John Scott. With 105 Illustrations 2/0 

Barn Implements and Machines: 

Treatmg of the Application of Power and Machines used in the Threshing- 
bam, Stockyard, Dairy, &c. By Prof. J. Scott. With 123 Illustrations. 

2/0 
Field Implements and Machines: 

With Principles and Details of Construction and Points of Excellence, their 
Management, &c By Prof. John Scott. With 138 Illustrations 2/0 

Agricultural Surveying: 

A Treatise on Land Surveying, Levelling, and Setting-out ; with Directions 
for Valuing Estates. By Prof. J. Scott. With 6a Illustrations . 1 /6 



Farm Engineering. 

By Professor John Scott. Comprising the above Seven Volumes in One, 
1,150 pages, and over 600 Illustrations. Half-bound . . . 12/0 

Outlines of Farm Management. 

Treating of the General Work of the Farm; Stock; Contract Work; 
Labour, &c. By K, Scott Burn 2/6 

Outlines of I^anded ESstates Management. 

Treating of the Varieties of Lands, Methods of Farming, Setting-out of 
Farms, Roads, Fences, Gates, Drainage, &c. By R. Scott Burn . 2/6 
*«* T/t€ above Two Vols, in OiUi handsomely half-bound^ price Qs» 

Soils, Manures, and Crops. 

(Vol. I. Outlines of Modern Farming.) By R. Scott Burn . 2/0 

Farming and Farming ESoonomy. 

(VoL II. Outlines of NIodern Farming.) By R. Scott Burn 3/0 

Stock:' Cattle, Sheep, and Horses. 

(Vol. III. Outlines ok Modern Farming.) By R. Scott Burn 2/6 

Dairy, Pigs, and Poultry. 

(Vol. IV. Outlines of Modern Farming.) By R. Scott Burn 2/0 

Utilization of Sewage, Irrigation, and Beclamation 
of Waste Land. 

(Vol. V. Outlines of Modern Farming^ By R. Scott Burn . 2/6 

Outlines of Modem Farming. 

By R. Scott Burn. Consisting of the above Five Volumes in One, 
1,250 pp., profusely Illustrated, half-bound 1 2/0 
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Book-keeping for Farmers and ESstate Owners. 

A Practical Treatise, presenting, in Three Plans, a System adapted for all 
classes of Farms. By J. M. Woodman. Third Edition, revised . 2/6 

Ready Reckoner for the Admeasurement of I^and. 

By A. Arman. Third Edition, revised and extended by C Norris 2/0 

Miller's, Corn Merchant's, and Farmer's Ready 
Reckoner. 

Second Edition, revised, with a Price List of Modem Flour Mill Machinery, 
by W. S. HuTTON, C.E 2/0 

The Hay and Straw Measurer. 

New Tables for the Use of Auaioneers, Valuers, Farmers, Hay and Straw 
Dealers, &c. By John Stbblb 2/0 

Meat Production. 

A Manual for Producers, Distributors, and Consumers of Butchers' Meat. 
By John Ewart 2/6 

Sheep : 

The History, Structure, Economy, and Diseases of. By W. C. Spooner, 
M.R.V.S. Fifth Edition, with fine Engravings . . • . . 3/6 

Market and Kitchen Gardening. 

By C. W. Shaw, late Editor of " Gardening Illustrated " • . . 3/0 

Kitchen Gardening Made Easy. 

Showing the best means of Cultivating every known Vegetable and Herb, 
&c., with directions for management all the year round. By Georgb M. F. 
Glbnny. Illustrated 1/6 

Cottage Gardening: 

Or Flowers, Fruits, and Vegetables for Small Gardens. By E. Hobday. 

1/6 
Garden Receipts. 

Edited by Charles W. Quin . • • • • • • 1 /6 

Fruit Trees, 

The Scientific and Profitable Culture of. From the French of M. Du 
Breuil. Fourth Edition, carefiilty Revised by George Glennv. With 
187 Woodcuts 3/6 

The Tree Planter and Plant Propagator : 

With' numerous Illustrations of Grafting, Layering, Budding, Implements, 
Houses, Pits, &c. By Samuel Wood 2/0 

The Tree Pruner: 

A Practical Manual on the Pruning of Fruit Trees, Shrubs, Climbers, and 
Flowering Plants. With numerous Illustrations. By Samuel Wood 1 /6 

*«* The above Two Vols, in One^ handsomely ha^-bound^ price 3'> 6<^* 

The Art of Grafting and Budding. 

By Charles Baltet. With Illustrations 2/6 
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MATHEMATICS, ARITHMETIC, ETC. 
Desoriptive Geometry, 

An Elementary Treatise on ; with a Theory of Shadows and of Perspective, 
extracted from the French of G. Monge. To which is added a Description 
of the Principles and Practice of Isometrical Projection. By J. F. Heather, 
M.A. With 14 Plates 2/0 

Practical Plane Geometry: 

Giving the Simplest Modes of Constructing Figures contained in one Plane 
and Geometrical Construction of the Ground. By J. F. Heather, M.A. 
With 215 Woodcuts 2/0 

Analytical Geometry and. Conic Sections, 

A Rudimentary Treatise on. By Jambs Hann. A New Edition, re- 
written and enlarged by Professor J. R. Young . . . .2/0 

Buclid (The Elements of). 

With many Additional Propositions and Explanatory Notes ; to which is 

prefixed an Introductory Essay on Logic By Henry Law, C.EL . 2/6 

\* Sold also separately ^ viz : — 

Euclid. The First Three Books. By Henry Law, C.E. . . .1/6 

Euclid. Books 4, 5, 6, zi, Z3. By Henry Law, C.E. . . .1/6 

Plane Trigonometry, 

The Elements of By James Hann 1/6 

Spherical Trigonometry, 

The Elements of. By Jambs Hann. Revised hy Charles H. Dow- 
ling, C.E 1/0 

*«* Or with " The Elemen's 0/ Plane Trigonometry ^** in One VolMme, a*. 6d. 

Differential Calculus, 

Elements of the. By W. S. B. Woolhouse, F.R.A.S., &c. . .1/6 

Integral Calculus. 

By HOMERSHAM Cox, B.A 1/0 

Algebra, 

The Elements of. By James H addon, M..\. With Appendix, contain- 
ing Miscellaneous Investigations, and a collection of Problems . . 2/0 

A Key and Companion to the Above. 

An extensive repository of Solved Examples and Problems in Algebra. 
By J. R. Young 1/6 

Commercial Book-keeping. 

With Commercial Phrases and Forms in English, French, Italian, and 
German. By Jambs Haddon, M.A. . 1/6 

Arithmetic, 

A Rudimentary Treatise on. With full Explanations of its llieoretical 
Principles, and numerous Examples for Practice. For the Use of SchooL 
and for Self-Instruction. By J. R. Young, late Professor of Mathematics 
in Belfast College. Eleventh Edition 1/6 

A Key to the Above. 

By J. R. Young 1/6 

Equational Arithmetic, 

Applied to Questions of Interest, Annuities, Life Assurance, and General 
Commerce ; wii h various Tables by which all Calculations may be greatl> 
facilitated. By W. Hipsley . . 2/0 

Arithmetic, 

Rudimentary, for the Use of Schoob and Self-Instruction. By James 
Haddon, IA.\. Revised by Abraham Arm an . . . •1/6 

A Key to the Above. 

A. Arman ... 1/6 
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Mathematical Instruments: 

Their Constraction, Adjustment, Testing, and Use concisely explained. 

By J. F. Heather, M.A., of liie Royal Military Academy. Woolwich. 

Fourteenth Edition, Revised, with Additions, by A. T. Walmisley, 

M.I.C.E. Original Edition, in x voL, Illustrated .... 2/0 

%• In ordering the above., be careful to say ** Original Edition^'* or give the 

number tn the Seties (33X to dutingutsh it from the Enlarged Edition in 

3 vols. {Ncs, 168-9-70). 

Draving and Measuring Instruments. 

Including — I. Instruments employed in Geometrical and Mechanical Draw- 
ing, and in the Construction, Copying, and Measurement of Maps and 
Plans. II. Instruments used for the puiposes of Accurate Measurement, 
and for Arithmetical Computations. By J. F. Heather, M.A. . 1 fQ 

Optical Instruments. 

Including (more especially) Telescopes, Microscopes, and Apparatus for 
producing copies of Maps and Plans by Photography. By J. F. Heather, 
M.A. Illustrated 1/6 

Surveying and Astronomical Instruments. 

Includm^— I. Instruments used for Determining the Geometrical Features 

of a portion of Ground. II. Instruments employed in Astronomical OW 

servations. By J. F. Heather, M.A. Illustrated . . . .1/6 

%* The above three volumes form an enlargement of the Author^ s original work^ 

'* Mathematical Instruments : " ^rice ax. (Sei No. 33 in the Series.) 

Mathematical Instruments : 

Their Construction, Adjustment, Testing and Use. Comprising Drawing, 
Measuring, Optical, Surveying, and Astronomical Instruments. By J. F. 
Heather, M.A Enlarged Edition, for the most part entirely re-wntten. 
The Three Parts as above, in One thick Volume .... 4/6 

The Slide Rule, and How to Use It. 

Containing full, easy, and simple Instructions to perform all Business Cal« 
culations with unexampled rapidity and accuracy. By Charles Hoare, 
CE. With a Slide Rule, in tuck of cover. Fifth Ediuon . . 2/6 

Logarithms. 

With Mathematical Tables for Trigonometrical, Astronomical, and Nautical 
Calculations. By Henry Law, C.£. Revised* Edition. (Forming part of 
the above work.) 3/0 

Gompound Interest and Annuities (Theory of). 

With Tables of Logarithms for the more DifficuIuComputations of Interest, 
Discount, Annuities, &c, in all their Applications and Uses for Mercantile 
and State Purposes. By Fedor Thoman, Paris. Fourth Edition . 4./O 

Mathematical Tables, 

For Trigonometrical, Astronomical, and Nautical Calculations ; to which is 
prefixed a Treatise on Logarithms. By H. Law, C.E. Together with a 
Series of Tables for Navigation amd Nautical Astronomy. By Professor J. 
R. Young. New Edition 4/0 

Mathematics, 

As applied to the Constructive Arts. By Francis Campin, CE., &c. 
Second Edition 3/0 

Astronomy. 

By the late Rev. Robert Main, F.R.S. Third Edition, revised and cor- 
rected to the Present Time. By W. T. Lynn, F.R.A.S. . . . 2/0 

Statics and Dynamics, 

The Principles and Practice of. Embracing also a clear development of 
Hydrostatics, Hydrodynamics, and Central Forces. By T. Baker, CE. 
Fourth Edition %/Q 
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BOOKS OF REFERENCE AND 

MISCELLANEOUS VOLUMES. 

A Dictionary of Painters, and Handbook for Picture 
Amateurs. 

Being a Guide for Visitors to Public and Private Picture Galleries, and for 
Art-Students, including Glossary of Terms, Sketch of Principal Schools of 
Paint'mg, &c. By Philippe Daryl, B.A. 2/6 

Painting Popularlv Explained. 

By T. J. GuLLiCK, Painter, and John Times, F.S.A. Including Fresco, 
Oil, Mosaic, Water Colour, Water-Glass, Tempera, Encaustic, Miniature, 
Painting on Ivory, Vellum, Pottery, Enamel, Glass, &c Fifth Edition 6/0 

A Dictionary of Terms used in Architecture, Build- 
ing, Engineering, Mining, Metallurgy, Archsa- 
ology, the Fine Arts, ftc. 

By John Wealb. Si^th Edition. Edited by Robt. Hunt, F.R.S. 
Numerous Illustrations S/0 

Music : 

A Rudimentary and Practical Treatise. With numerous Examples. By 
Charles Child Spencer •2/6 

Pianoforte, 

The Art of Playing the. With numerous Exercises and Lessons. By 
Charles Child Spencer 1/6 

The House Manager. 

Beinff a Guide to HcJtisekeeping, Practical Cookery, Picklins and Presenr- 
ing. Household Work, Dairy Management, Cellarage of Wines, Home* 
brewing and Wine-making, Stable Economy, Gardening Operations, &c 
By An Old Housekeeper 3/6 

Manual of Domestic Medicine. 

By R. Gooding M.D. Intended as a Family Guide in all cases of 
Accident and Emergency Third Edition, carefully revised . . 2/0 

Management of Health. 

A Manual of Home and Personal Hygiene. By Rev. James Baird % /Q 

Natural Philosophy, 

For the Use of Beginners. By Charles Tomlinson, F.R.S. . .1/6 

The Electric Telegraph, 

Its History and Progress. With Descriptions of some of the Apparatus. 
By R. Sabine, C.E., F.S.A., &c. . . , . . 3/0 

Handbook of Field Fortification. 

By Major W. W. Knollys, F.R.G.S. With 163 Woodcuts . . 3/0 
Logic, 

Pure and Applied. By S. H. Emmbns. Third Edition . . .1/6 

liocke on the Human Understanding, 

Selections from. With Notes by S. H. Emmens . . .1/6 

The Compendious Calculator 

{Intuitive Calculations), Or Easy and Concise Methods of Performing the 
various Arithmetical Operations required in Commercial and Business 
Transactions; together with Useful Tables, &c. By Daniel O'Gorman. 
Twenty-seventh Edition, carefully revised by C. Norris . . . 2/6 
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Measures, Weights, and Moneys of all Nations. 

With an Analysis of the Christian, Hebrew, and Mahometan Calendars. 
By W. S. B. WooLHOusB, F.R.A.S., F.S.S. Seventh Edition . 2/6 

Grammar of the English Tongue, 

Spoken and Written. With an Introduction to the Study of Comparative 
Philology. By H YDS Clarke, D.C.L. Fifth Edition. . . .1/6 

Dictionary of the English JLanguage, 

As Spoken and Written. Containing above zoo,ooo Words. By Hvdb 

Clarke, D.C.L. 3/6 

Complete with tht Grammar . . . . 3/3 

Composition and Punctuation, 

Familiarly Explained for those who have neglected the Study of Grammar. 
By Justin Brbnan. i8th Edition 1 /6_ 

French Grammar. 

With Complete and Concise Rules on the Genders of French Nouns. By 
G. L. Strauss, Ph. D 1/6 

Frenoh-Enj^lish Dictionary. 

Comprising a large number of New Terms used in Engineering, Minine, 
&c. By Alfred Elwbs 1/6 

English-French Dictionary. 

By Alfred Elwbs 2/0 

French Dictionary. 

The two Parts, as above, complete in One Vol 3/0 

%• Or with the Grammar, 4/6. 

French and English Phrase Book. 

Containing Introductory Lessons, with Translations, Vocabularies of Words, 
Collection of Phrases, and Easy Familiar Dialogues . . . •1/6 

German Grammar. 

Adapted for English Students, from Heyse's Theoretical and Practical 
Grammar, by Dr. G. L. Strauss 1/5 

German Triglot Dictionary. 

By N. E. S. a. Hamilton. Part I. German-French-Enelish. Part IL 
English-German- French. Part III. French-German-English . . 3/0 

German Triglot Dictionary 

(As above). Together with German Grammar in One Volume . . S/0 

Italian Grammar 

Arranged in Twenty Lessons, with Exercises. By Alfred Elwes . 1 /Q 

Italian Triglot Dictionary, 

Wherein the Genders of all the Italian and French Nouns are carefully 
noted down. By Alfred Elwes. Vol. z. Italian-English-French . 2/6 

Italian Triglot Dictionary. 

By Alfred Elwes. Vol. s. English-French-Italian . . . 2/6 

Italian Triglot Dictionary. 

By Alfred Elwbs. Vol. 3. French-Jtalian-English . . . 2/6 

Italian Triglot Dictionary 

(As above). In One Vol ... 7/6 

Spanish Grammar. 

In a Simple and Practical Form. With Exercises. By Alfred Elwes 1 /6 

Spanish-English and English-Spanish Dictionary. 

Including a large number of Technical Terms used in Mining, Engneering, 
&c., with the proper Accents and the Gender of every Noun. By Alfred 

Elwes 4/0 

V Or with the Grammar, 6/0* 
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Portuguese Orammar, 

In a Simple and Practical Form. With Exercises. By Alfred Elwbs 1 /6 

Portuguese -English and English -Portuguese Dic- 
tionary. 

Including a large number of Technical Terms used in Mining, Engineering, 
&c., with the proper Accents and the Gender of every Noun. By Alfred 

Elwes. Third Edition, revised . 6/0 

%• Or with the Grammar, 7/0« 
Animal Physics, 

Handbook of. By DiONVSius Lardner> D.C.L. With 530 Illustrations. 

In One Vol. (732 pages), cloth boards 7/6 

%• Soid also in Two Paris^ as follows: — 
Animal Physics. By Dr. Lardnbr. Parti., Chapters I.— VII. AlO 
Animal Physics. By Dr. Lardner. Part II., Chapters VIII.— XVIII. 

3/0 
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StATiONBRs' Hall Court, London, E.C. 
September, 1896. 

CATALOGUE OF BOOKS 

INCLUDING NBW AND STANDARD WORKS IN 

ENGINEERING: CIVIL, MECHANICAL, AND MARINE; 

ELECTRICITY AND ELECTRICAL ENGINEERING; 

MINING, METALLURGY; ARCHITECTURE, 

BUILDING, INDUSTRIAL AND DECORATIVE ARTS; 

SCIENCE, TRADE AND MANUFACTURES; 

AGRICULTURE, FARMING, GARDENING; 

AUCTIONEERING, VALUING AND ESTATE AGENCY; 

LAW AND MISCELUNEOUS. 

PUBLISHED BY 

CROS BY LOCK WOOD & SON. 

MECHANI CAL ENGINEER ING, etc. 

JD. K, Clark's JPocket'Book for Mechanical Engineers. 

THE MECHANICAL ENGINEER'S POCKET-BOOK OF 
TABLES, FORMULAE, RULES AND DATA, A Handy Book of Reference 
for Daily Use in Engineering Practice. By D. Kinnear Clark, M.Inst.C.E.| 
Author of '• Railway Macninery," " Tramways," &c. Third Edition, Re- 
vised. Small 8vo, 700 pages, 6s. bomid in flexible leather cover, romided 
corners. 

Summary of Contents. 
Mathematical Tables.— Measurement of Surfaces and Solids.— 
English Weighiw and Measures.— French Metric Weights and Mea- 
sures.— Foreign Weights and Measures.— Moneys.— Specific Gravity, 
Weight and Volume. — Manufactured Metals.— Steel Pipes.— Bolts and 
Nuts.— Sundry Articles in Wrought and Cast Iron, Copper, Brass, Lead, 
Tin, Zinc— Strength of Materials.— Strength of Timber.— Strength of 
Cast Iron.— Strength of Wrought Iron.— Strength of Steel.— Tensile 
Strength of Copper, Lead, etc. — Resistance of Stones and other Build- 
ing Materials.— Riveted Joints in Boiler Plates.— Boiler Shells- — Wirb 
Ropes and Hemp Ropes. — Chains and Chain Cables.— Framing. — Hardness 
OF Metals, Alloys and Stones. — Labour of Animals. — Mechanical Prin- 
ciples. — Gravity and Fall of Bodies. — Accelerating and Hetardinq 
Forces.— Mill Gearing, Shafting, etc. — Transmission of Motive Power.— 
Heat. — Combustion : Fuels. — Warming, Ventilation, Cooking Stoves.— 
Steam.— Steam Engines and Boilers.— Railways— Tramways.— Steam 
Ships. — Pumping Steam Engines and Pumps.— Coal Gas, Gas Engines, etc.— 
Air in Motion.— Compressed Air.— Hot Air Engines.— Water Power.— 
Speed of Cutting Tools. — Colours.— Electrical Engineering. 
%• Opinions of the Press. 

" Mr Clark manirests what is an innate perception ot what is likely to be useful In a pocket* 
book, and he is really unrivalled in the art of condensation. Very frequently we find the infornia« 
tion on a given subject is supplied by ifivinif a summary description of an experiment, and a state- 
ment of the results obtained. There is a very excellent steam table, occupying five and-a-balf 
pages ; and there are rules given for several calculations, which rules cannot be found in other 
pocket-books, as, for example, that on page 497, for getting at the quantity of water in the shape 
of priming in any kaown weight of steam. It is very difficuTt t* hit upon any mechanical engineer- 
ing subject concerning which this work supphes no mformation, and the excellent index at the end 
adds to its utility. In one word, it is an exceedingly handy and eflUcient tool, possessed of wl^ch 
the engineer will be saved many a wearisome caUculation, or yet more wearisome hunt through 
various text-books and treatises, and, as such, we can heartily recommend it to our readers, 
who must not run away with the idea that Mr. Clark's Pocket-book is only Molesworth in another 
form. On the contrary, each contains what is not to be found in the other ; and Mr. Clark takes 
more room and deals at more lenf^th with noany subjects than Molosworth possibly could." 

T/t€ Engrineer. 

" It would be found difficult to compress more matter within a similar compass, or produce a 
hook, of 650 pages which should be more compact or convenient for pocket reference. , . , 
Will be appreciated by mechnaical engineers of all classes." — Practical Engineer. 

" Just the kind of work that practical men require to have near to them."- Eng^lish MechaHtc. 
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MR, MUT TON'S PRACTICAL HA NDBOOKS. 

Handbook for Works^ Managers. 

THE WORKS' MANAGER'S HANDBOOK OP MODERN 
RULES, TABLES, AND DATA. For Engineers, Millwrights, and BoUer 
Makers; Tool Makers. Machinists, and Metal Workers; Iron and Brass 
Founders, &c By W. S. Hutton, Civil and Mechanical Engineer, Author 
of "The Practical Engineer's Handbook." Fifth Edition, carefully Re- 
vised, with Additions. In One handsome Volume, medium 8vo, price 155. 
strongly bound. [.J**st published, 

lar The A uthor having compiled Rules and Data for his own use tn a great 
variety of modem engineering work, and having found his notes extremely useful, 
decided to publish them— revised to date— believing that a practical work, suited to 
the DAILY REQUIREMENTS OF MODERN ENGINEERS, would be favourably rcccived. 
In the Fourth Edition the First Section has been re-written and improved by the 
addition of numerous Illustrations and new matter relating to Steam Engines and 
Gas Engines. The Second Section has been enlarged ana Illustrated, and through- 
out the book a great number of emendations and alterations have been madetWUk the 
object of rendering the book more generally useful. 

%* Opinions of the Press. 

"The author treats erery subject from the point of view of one who has coDected workshop 
■oCcs for application in workshop oractir«, rather tlian from the theoretical or literary aspect. The 
volume contains a great deal or tnat klaa uf information which Is gained onibr by practical esqieri- 
•nee, and is seldom written in books.'' — Eneinter, 

"The volume is an exceedingly useful one. brhnful with engineers' notes, memoranda, and 
rales, and well worthy of t>eing on every mechanical engineer's bookshelf."— A/erAaw»ra/ WorU. 

" The information is precisely that likely to be required in practice. . . . The work forms a 
desirable addition to the library not only of the works' manager, but of anyone connected with 
general engineering."— A/»«mp' yournal. 

"A formidable mass of Uicts and figures, readOy accessiUe through an elaborate index 
. . . Such a volume will be found absolutely necessary as a book of reference in all sorts 
of • works ' connected with the metal trades."— ^^tewrf" J Iron Trades Circular. 

" Brimful of useful information, stated in a concise form, Mr. Hutton's books have met a press* 
ing want among engineers. The book must prove extremely useful to every practical mas 
possessing a copy."-— Preutical Engituer. 

Hew Manual for J^ractical Engineers. 

THE PRACTICAL ENGINEER'S HAND-BOOK. Comprising 
a Treatise on Modem Engines and Boilers : Marine, Locomotive and Sta- 
tionary. And containing a large collection of Rules and Practical Data 
relating to recent Practice in Designing and Constructing all kinds of 
Engines, Bcilers, and other Engineering work. The whole constituting a 
comprehensive Key to the Board of Trade and other Examinations for Certi- 
ficates of Competency in Modern Mechanical Engineering. By Walter S. 
Hutton, Civil and Mechanical Engineer, Author of •* The Works' Manager's 
Handbook for Engineers," &c. With upwards of 370 Illustrations. Fifth 
Edition, Revised, with Additions. Medium 8vo, nearly 500 pp.. price i8«. 
Strongly bound. [7«5' published. 

Ii!r This work is designed as a companion to the Author's "Works' 
Manager's Hand-book." It possesses many new and original features, and con- 
tains, like its predecessor, a quantity of matter not originally intended for publica- 
tion, but collected by the author for his own use in the construction of a great variety 
0/ Modern Engineering Work. 

The information is given in a condensed and concise form, and is illustrated by 
upwards of 370 Woodcuts- and comprises a quantity 0/ tabulated matter of great 
value to nil engaged in destgtiittg, constructing, or estimating for EiiGiKES,BoiLiRSt 
and other Enuineering Work. 

%» Opinions of the Press. 

" We have Kept It at hand for several weeks, referring to it as occasion arose, and we have not 
on a Siiigie occasion consulted its pages without finding the information of which we were in quest. ' 
— AtAeni^um, 

" A tborou^T good practical handbook, which no engineer can go throus^ without leaminf 
something that wil I be of service to him."— A/ariM^ Engineer. 

" An excellent book of reference^ for engineers, and a valuable text-book for students 01 
engineering." — iici<srnan. 

"This valuable manual embodies the results and experience of the leading authorities 00 
mechanical engineering."— 5«t/«ft>»^ News. 

" The author has collected together a surprising quantity of rules and practical data, and has 
snown muck judgment in the selections he has made. . . . There is no doubt that this book is 
one of the most useful of its kind published, and will be a very popular compendium."— £M(f^M««r. 

" A mass of information, set down in simple language, ana in such a form that it can be easily 
referred to at any time. The matter is uniformly good and well chosen and is greatly elucidated 
by the illustrations. The book will find its way on to most engineers' shelves, where it will rank as 
one of the most useful books of nfejvRce."— Practical Engineer. 

" Full of useful information and should be found on the office shelf of all nractlcal eoslt eers " 
^English Mechanic "^ ^ 
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MR. HUTTOH'8 PRACTICAL HANDBOOKS-continued. 
Practical Treatise on Modem Steam-Boilers, 

STEAM-BOILER CONSTRUCTION, A Practical Handbook 
for Engineersi Boiler- Makers, and Steam Users. Containing a large Col- 
lection of Rules and Data relating to Recent Practice in the Design, Con- 
struction, and Working of all Kinds of Stationary, Locomotive, and Marine 
Steam-Boilers. By Walter S. Hutton, Civil and Mechanical Engineer, 
Author of ••The Works' Manager's Handbook," •• The Practical Engineer's 
Handbook," &c. With upwards of 300 Illustrations. Second Edition. 
Medium 8vo, i8s. cloth. 

fSr This work is issued in continuation of the Series of Handbooks written 
by the Author, vtjr;— "The Works' Manager's Handbook" and ••The PractI' 
CAL Engineer's Handbook," te>fcjc/» are so highly appreciated by Engineers for 
the practical nature of their information ; and is consequently written in the same 
style as those works. 

The Author believes that the concentration, in a convenient form for easy refer- 
ence, of such a large amount of thoroughly practical information on Steam-Boilers, 
will be of considerable service to those for whom it is intended, and he trusts the booh 
may be deemed worthy of as favourable a reception as has been accorded to its 
predecessors^ 

%♦ Opinions of the Press. 

"ETcry detail, both In boDer desien and management, is clearly laid before the reader. The 
rohime shows that boiler construction lias been reduced to the condition of one of the most exact 
sciences ; and such a book is of the utmost value to the fin de siicU Engineer and Works 
Maiuuwr."— J/artwe Eiiginttr. 

" There has lone been room for a modem handbook on steam boilers ; there is not that reom 
now, because Mr. Hutton has filled it. It is a thoroughly practical book for those who are occu- 
pied in the construction, design, selection, or use of boilers."— /!*«e»««*»'- 

" The book is of so im^rtant and comv>rehensive a character that it must find its way Into 
the libraries of everyone mterested in boiler using or boiler manufacture if they wish to be 
thoroughly informed. We strong^ly recommend the book for the intrinsic value of its contents."— 
Machinery Market, 

" The value of this book can hardly be over-estimated The author's rules, formulae drc., arc 
all very fresh, and it is impossible to turn to the work and not find what you want. No practical 
engineer should be without W*— Colliery Guardian, 

Hutton^ 8 ** Modernised Templeton.'^ 

THE PRACTICAL MECHANICS' WORKSHOP COM- 
PAN ION. Comprising a great variety of the most useful Rules and Formulas 
in Mechanical Science, with numerous Tables of Practical Data and Calcu- 
lated Results for Facilitating Mechanical Operations. By Willum Temple- 
ton, Author of "The Engineer's Practical Assistant," &c. &c. Seventeenth 
Edition, Revised, Modernised, and considerably Enlarged bv Walter S. 
Button, C.E., Author of "The Works' Manager's Handbook," "The 
Practical Engineer's Handbook," &c. Fcap. 8vo, nearly 500 pp., with 8 
Plates and upwards of 250 Illustrative Diagrams, 6<«, strongly bound for 
workshop or pocket wear and tear» 

*♦* Opinions of the Press. 
" In Its modernised form Hutton's ' Templeton 'should have a wide sale, for It contains much 
valuable information which the mechanic will often find of use, and not a few tables and notes which 
he might look for in vain in other works. This modernised edition will be appreciated by all who 
have learned to value the original editions of ' Templeton.' ' —En£rlish Mechanic. 

" It has m^t with great success in the engineering workshop, as we can testify ; and there ate 
a great many men who, in a great measure, owe their rise in life to this little book. '—Building Newi. 
" This familiar text-book— well known to all mechanics and engineers— is of essential service to 
the every-day requirements of engineers, millwrights, and the various trades connected ifvith 
engineering and building. The new modernised edition is worth its weight in gold."— Building 
Uerws. (Second Notice.) 

"This well-known and largely- used book contains Information, brought up to date, of the 
sort so useful to the foreman and draughtsman. So much fresh information has been introduced 
as to constitute it practically a new book. It will be largely used in the office and workshop."— 
Mechanical IVorld. 

" The publishers wisely entrusted the task of revision of this popular, valuable, and useful book 
to Mr. Hutton, than whom a more competent man they could not have tound."— Iron. 

Templeton^s Engineer's and Machinist's Assistant. 

THE ENGINEER'S, MILLWRIGHT'S, and MACHINIST'S 
PRACTICAL ASSISTANT. A collection of Useful Tables, Rules and Data. 
By William Templeton. 7th Edition, with Additions, z8mo, 2s. 6d, cloth. 

♦»• Opinions of the Press. 
" Occupies a foremost place among books of this kind. A more suitable present to an appren- 
tice to any of the mechanical trades could not possibly be tiUide."—Buildi*%f News. 

" A deserved^ popular work. It should be in the ' drawer ' of every mechank.'V^'/f^/MA 
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Foley's Office Reference Book for Mechanical 
Engineers. 

THE MECHANICAL ENGINEER'S REFERENCE BOOK, 
for Machine and Boiler Construction. In Two Parts. Part I. General 
Enginebrinq Data. Part II. Boiler Construction. With 51 Plates and 
nnmerous Illustrations. By Nelson Foley. M.I.N.A. Second Edition, 
Revised throughout and much Enlarged. Folio, £3 3s. net half'bound. 

Summary of Contents. t^*"' publisJud. 

PART I. 



Measures. — Circumferences and 
Areas, &c., Squares, Cubes, Fourth 
Powers. — Square and Cube Roots. — 
Surface of Tubes — Reciprocals. — 
Logarithms.— Mensuration. — Spe- 
cific Gravities and Weights. — 
Work and Power. — Heat.— Combus- 
tion.— Expansion AND Contraction. 
—Expansion of Gases.— Steam.— 
Static Forces.— Gravitation and 
Attraction.— Motion and Computa- 
tion OF Resulting Forces.— Accu- 
mulated Work.— Centre and Radius 



of Gyration.— Moment of Inertia. 
—Centre of Oscillation. — Elec- 
tricity.— Strength of Materials. 
—Elasticity. — Test Sheets of 
Metals.— Friction.— Transmission 
of Power. — Flow of Liquids. — Flow 
OF Gases. — Air Pumps, Surface Con- 
densers, &c. — Speed of Steamships. 
—Propellers. — Cutting Tools. — 
Flanges. — Copper Sheets and 
Tubes.— Screws, Nuts, Bolt Heads, 
&c.— Various Recipes and Miscel- 
laneous Matter. 



With DIAGRAMS for Valve-Gear, Belting and Ropes, Discharge and 
Suction Pipes, Screw Propellers, and Copper Pipes. 
PART II. 



Riveting.— Boiler Setting, Chim- 
neys, AND Mountings. — Fuels, &c. — 
Examples of Boilers and Speeds of 
Steamships.— Nominal and Normal 
Horse Power. 



Treating of. Power of Boilers 
Useful Ratios.— Notes on Con- 
struction. — Cylindrical Boiler 
Shells. ~~ Circular Furnaces. — 
Flat Plates. — Stays.— Girders. — 
Screws. — Hydraulic Tests. — I 
With DIAGRAMS for all Boiler Calculations and Drawings of many 
Varieties of Boilers. 

♦♦* Opinions of the Press. 

" The book Is one which every mechanical engineer may, with advantage to himself add to 
his hbtary."— Industries. 

•• Mr. Foley is well fitted to compile such a work. . . . The diagrams are a great feature 
of the work. . . . Regarding the whole work, it may be very fairly stated that Mr. Foley has 
produced a volume which will undoubtedly fulfil the desire of the author and become indispen* 
sable te all mechanical engineers." — Marine Engineer. 

" We have carefully examined this work, and pronounce It a most excellent reference book 
for the use of marine engineers."— ^<7«r«a/ 0/ American Society 0/ Naval hngineers. 

** A veritable monument of industry on the part of Mr. Folej, who has succeeded in producing 
what is simply invaluable to the engineering profession."— .Si^am^At^. 

Coal and Speed Tables. 

A POCKET BOOK OF COAL AND SPEED TABLES, for 

Engineers and Steam-users. By Nelson Foley. Author of " The Mechanical 

Engineer's Reference Book," Pocket-size, 35. 6d. cloth. 

"These tables are designed to meet the requirements of ever^-day use ; they are of suffi- 
cient scope for most practical purposes, and may b9 commended to engineers and users of 
steam Y—lron. 

" This pocket-book well merits the attention of the practical engineer. Mr. Foley has com- 
piled a very ubctul set of tables, the information contained in which is frequently required by 
engineess, coal consumers and users of steam."— /n>» and Coal Tradts Review, 

Steam Engine, 

TEXT-BOOK ON THE STEAM ENGINE. With a Sup- 
plement on Gas Engines, and Part II. on Heat Engines. By T. M. 
GooDEVE, M.A., Barrister-at-Law, Professor of Mechanics at the Royal 
College of Science, London; Author of **The Principles of Mechanics," 
" The Elements of Mechanism," &c. Twelfth Edition, Enlarged. With nu- 
merous Illustrations. Crown 8vo, 65. cloth. 
Professor Goodeve has given us a treatise on the steam engine which will bear compartooa 

with anything written by Huxley or Maxwell, and we can award it no higher praise."— J?n(f««Mr. 
" Mr. Goodeve's text-book Is a work of wbich every young engineer should possess h»«»>tt U, 

<^MiHiti£ ycumai. 
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Oas Engines, 

ON GAS-ENGINES, With Appendix describing a Recent 
Engine with Tube Igniter. By T. M. Goodevb, M.A. Crown 8vo, as. 64. 
cloth. [Just published, 

*' LilTe an Mr. Goodeve's writings, the present Is no exception in point of general exceU«nc« 
It Is a valuable little volume."— Af^cAawteo/ fVorld. 

Steam Engine Design* 

A HANDBOOK ON THE STEAM ENGINE, with especial 
Reference to Small and Medium-sized Engines. For the Use of Engine- 
Makers, Mechanical Draughtsmen, Engineering Students and Users of Steam 
Power. By Herman Hakder, C.E. English Edition, Re-edited by the 
Author from the Second German Edition, and Translated, with considerable 
Additions and Alterations, by H. H. P. Powles, A.M.I.C.E., M.I.M.E. With 
nearly i,ioo Illustrations. Crown 8vo, gs. cloth. 

" A perfect encyclopaedia of the steam engine and its details, and one which must take a per- 
manent place in English drawing-offices and workshops." — A Foreman Pattern-maker. 

"This is an excellent book, and should be in the hands of all who are interested in the con- 
struction and design of medium- sized stationary engines. ... A careful study of its contents 
and the arrangement of the sections leads to the conclusion that there is probably no other book 
like it in this country. The volume aims at showing the results of practical experience, and it 
certainly may claim a complete achievement of this idea."— A^a/«r<. 

" There can be no question as to its value. We cordially commend it to all concerned in the 
design and construction of the steam enfp.n6."— Mechanical World, 

Steam Boilers, 

A TREATISE ON STEAM BOILERS: Their Strength, Con- 
struction, and Economical Working, By Robert Wilson, C.B. Fifth Bditioo. 
xsmo, 6s. cloth. 

"The best treatise that has ever been published on steam bo1iien."—EM£in€er, 
"The author shows himself perfect master of his subject, and we heartily recommend all em* 
ploying steam power to possess &emselves of the wotk."—XylaMd's Iron Trad* Circular, 

'Boiler Chimneys. 

BOILER AND FACTORY CHIMNEYS: Their Draught-Power 
and Stability, With a Chapter on Lightning Conductors. By Robert 
Wilson, A.I.C.E., Author of "A Treatise on Steam Boilers," &c. Second 
Edition. Crown 8vo, ss. 6d. cloth. 
"A valuable contribution to the literature of scientific building."— rA« Builder, 

Boiler Making. 

THE BOILER-MAKER'S READY RECKONER &> ASSIST- 
A NT, With Examples of Practical Geometry and Templating, for the Use 
of Platers, Smiths and Riveters. By John Courtney, Edited by D. K. Clark, 
M.I.C.E. Third Edition, 480 pp., with i4oIllusts. Fcap. 8vo, 75. half-bonnd. 
" No workman or apprentice shotOd be without this book."— /r^w Ttade Circular, 

Locomotive Engine Development, 

THE LOCOMOTIVE ENGINE AND ITS DEVELOPMENT. 
A Popular Treatise on the Gradual Improvements made in Railway Engines 
between 1803 and 1896. By Clement E. Stretton, C.E., Author of '• Safe 
Railway Working," &c. Fifth Edition, Revised and Enlarged. With 120 
Illustrations. Crown 8vo, 3s. 6d, cloth gilt. [Just published. 

" Students of railway history and aJl who are interested in the evolution of the modem locomo- 
thre will lind much to attract and entertain in this volume."— TA* Times. 




" The author of this work is well known to the railway world, and no one probably has a 
better knowledge of the history and development of the locomotive. The volume before us 
should be of value to all connected with the railway system of this country."— A'«/«rf. 

Estimating for Engineering Work, <fc. 

ENGINEERING ESTIMATES, COSTS AND ACCOUNTS: 
A Guide to Commercial Engineering. With numerous Examples of Esti- 
mates and Costs of Millwright Work, Miscellaneous Productions, Steam 
Engines and Steam Boilers ; and a Section on the Preparation of Costs 
Accounts. By A General Manager. Demy 8vo, im. cloth. 
" This is an excellent and very useful book, covering subject-matter in constant requisition to 

•very factory and workshop. . . . The book is invaluable, not only to the young engineer, but 

also to the estimate department of every vrorks."— Builder. 

" We accord tl>e work unqualified praise. The information Is given in a plain, straightforward 

manner, and bears throughout evidence of the intimate practical acquaintance of the author with 

every phase of commerc&l engineering."— ifMAaMifo/ IVorld. 
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F%re Engineering, 

FIRES, FIRE-ENGINES, AND FIRE-BRIGADES. With 

a History of Fire-Engines, their Construction, Use, and Management: Re- 
marks on Fire-Proof Buildings, and the Preservation of Life from Fire ; 
Statistics of the Fire Appliances in English Towns ; Foreign Fire Systems ; 
Hints on Fire- Brigades, &c. &c. By Charles F. T. Younq, CB. With 
numerous Illustrations. 544 pp., demy 8vo, £1 4$, cloth. 

" To those Interested in the subject of fires and fire apparatus, we most heartily commend this 
book. It is tlie only English work we now have upon the subject. "~ BHgitutrin£. 

Boilermaking. 

PLATING AND BOILERMAKING : A Practical Handbook 

for Workshop Operations. By Joseph G. Horner, A.M.I.M.E. (Foreman 

Pattern-Maker), Author of "Pattern Making/' &c. 380 pages, with 338 

Illustrations. Crown 8vo, 7s. ed. cloth. [J^^i published. 

" Tlie latest iiroduction from the i)en of this writer is characterised by that evidence of close 

acquaintance with workshop metlmds wluch will render the book exceedingly acceptable to the 

practical hand. We have no hesitation in comniendinpf the work as a serviceable and practical 

handbook on a subject which has not hitherto reccivetl niuch attention from those qualified to deal 

with it in a satisfactory manner." — Mechanical U'orid, 

Engineering Construction, 

PATTERN-MAKING : A Practical Treatise, embracing the Main 
Tvpes of Engineering Construction, and including Gearing, both Hand and 
Machine made, Engine Work, Sheaves and Pulleys, Pipes and Columns, 
Screws, Machine Parts, Pumps and Cocks, the Moulding of Patterns in 
Loam and Greensand, &c., together with the methods of Estimating the 
weight of Castings; to which is added an Appendix of Tables for Workshop 
Reference. By Joseph G. Horner, A.M.I.M.E. (Foreman Pattem-Maker). 
Second Edition, thoroughly Revised and much Enlarged. With upwards ot 
450 Illustrations. Crown 8vo, 75. 6d. cloth. [Jitst published, 

"A well- written technical guide, evidently written by a man who understands and has prac- 
tised what he has written about. . . . We cordially recommend it to engineering students, young 
journeymen, and others desirous of being hiitiated into the mysteries of pattern-malcing."— ^MiA<«r. 
"More than 4^0 illustrations help to explain the text, which is, however, alwajrs clear and ex* 
plicit, thus rendermg the work an excellent vadt mtcum for the apprentice who desires to become 
master of his Vndt.'^—En£^lish Mechanic, 

Dictionary of Mechanical Engineering Terfns, 

LOCKWOOD'S DICTIONARY OF TERMS USED IN THE 
PRA CTICE OF MECHANICAL ENGINEERING, embracing those current 
in the Drawing Office, Pattern Shop, Foundry, Fitting, Turning, Smith's and 
Boiler Shops, &c. &c; Comprising upwards of 6,000 Definitions. Edited by 
Joseph G. Hornbr^ A.M.I.M.E. (Foreman Pattern-Maker), Author of " Pat- 
tern Making." Second Edition, Revised. Crown 8vo, 7s. 6d. cloth. 
"Just the sort of handy dictionary required by the various trades engaged in medtanlcal en> 

Sflnetring. The practical engineering pupil will find the book of great value ia liis studies, and 

every foreman engineer and mechanic should have a copy"—BuHding^ News. 

"Not merely a dictionary, but, to a certain extent, also a most valuable guide. It strikes us as 

a happy idea to combine with a definition of the phrase useful information on the subject of which 

t treats."— Machinery Market. 

Mill Gearing* 

TOOTHED GEARING : A Practicial Handbook for Offices and 
Workshops. By Joseph G. Horner, A.M.I.M.E. (Foreman Pattern-Maker), 
Author of "Pattern Making," &c. With 184 Illustrations. Crown Svo, 65. 
cloth. ijust published. 

Summary of Contents, 



Chap. I. Principles.—II. Forma- 
tion OF Tooth Profiles. — III. Pro- 
portions of Teeth. — iV. Methods 
of Making Tooth Forms.— V. Invo- 
lute Teeth.— VI. Some Special 
Tooth Forms.— VII. Bevel Wheels. 
— VIII. Screw Gears. — IX. Worm 
Gears.— X. Helical Wheels.— XI. 



Skew Bevels.— XII.* Variablb and 
other Gears. — XIII. Diametrical 
Pitch.— XIV. The Odontograph. — 
XV. Pattern Gears.— XVI. Machine 
Moulding Gears.— XVII. Machine 
Cut Gears.— XVIII. Proportion of 
Wheels. 



♦ We must give the book our unqualified praise for its thoroughness of treatment, and we c 



heartily rccuiniiieud it to all interested as the most practical bo^ on the subject yet written."— 
Mechanical IVorld. 



MECHANICAL ENGINEERING, etc. 



Stane^working Machinery, 

STONE-WORKING MACHINERY, and the Rapid and Economi- 
cal Conversion of Stone, With Hints on the Arrangement and Management 
of Stone Works. Bv M. Powis Bale, M.I.M.E. With Illnsts. Crown bvo. gs.. 
** The book should b« in the hands of every nuson or student of 8tone>work.'*— CtfMicry 

GtianUaH. 

" A capital handbook for all who manipulate stone for building or ornamental purpoees."— 

Machinery JfarM, -hb f *~-«- 

Bump Construction and Management, 

PUMPS AND PUMPING : A Handbook for Pump Users, Being 
Notes on Selection, Construction and Management. Bv M. Powis Balk, 
M.I.M.E., Author of " Woodworking Machinery," '* Saw Mills," &c. Second 
Edition, Revised. Crown 8vo, 25. 6d. cloth. 
" The matter is set forth as concisely as possible. In fact, condensation rather than difiusene* s 

has been the author's aim throughout ; yet tie does not seem to have omitted anything likely to be 

of }XSit."—y0umalo/Gas Lighting. 

" Thoroughly practical and simply and clearly wA\X%a."— Glasgow Htrald, 

MiUing Machinery^ etc, 

MILLING MACHINES AND PROCESSES: A Practical 
Treatise on Shaping Metals by Rotary Cutters, including Information on 
Making and Grinding the Cutters. Bv Paul N. Hasluck, Author of " Lathe- 
work," *' Handybooks for Handicraits," &c. With upwards of 300 Engrav- 
ings, including numerous Drawings by the Author. Large crown 8vo, 35a 
pages, 125. 6d. cloth. 

* A new departure in engineering Hterature. . . . We can recommend this work to all 
iaterested nmilung machines ; it is wliat it professes to be— a practical treatise."— Engineer. 

" A capital and reliable book, which will no doubt be of considerable service, both to those 
who are already acquainted with the process as well as to those who contemplate its adoption." 

jHai4Strief. 

Turning. 

LATHE-WORK : A Practical Treatise on the Tools, Appliances, 

and Processes employed in the Art of Turning. By Paul N. Hasluck. 

Fifth Edition, Revised and Enlarged Cr. 8vo, 55. cloth. 

" Written by a man who knows, not only how work ought to be done, but who also knows how 
to do it, and how to convey Us knowledge to others. To all turners this book would be valuable. 
—Engineering. 

" We can safely recommend the work to young engineers. To the amateur It win simply be 
in /ahiable. To the student it will convey a great deal of useful information."— £'>tf^wMr. 

ScreW'Cutting. 

SCREW THREADS: And Methods 0/ Producing Them. With 
Numerous Tables, and complete directions for using Screw-Cutting Lathes. 
By Paul N. Hasluck. Author of " Lathe- Work," &c. With Seventy-fouc 
Illustrations. Third Edition, Revised and Enlarged. Waistcoat-pocket size, 
IS. 6d. cloth. 
" Full of useful information, hints and practical criticism. Taps, dies and screwlng>tools gene* 

rally are illustrated and their action descnhed."—Afec/tanu:al IVorid. 

" It is a complete compendium of all the details of the screw cutting lathe ; In fact a ntuttuim 

inparvo on all tlie subjects it treats yx^on,"— Carpenter and Builder, 

Hm>ith^s Tables for Mechanics, etc, 

TABLES, MEMORANDA, AND CALCULATED RESULTS, 
FOR MECHANICS, ENGINEERS, ARCHITECTS, BUILDERS, etc. 
Selected andArranged by Francis Smith. Sixth Edition, Revised, including 
Electrical Tables, FoRMULiS, and Memoranda. Waistcoat- pocket size, 
15. 6d. limp leather. [Jt^st published. 

" It would, perhaps, be as difficult to make a small pocket-book selection of uoces and tormuUe 
to suit ALL engineers as it tyouid be '^o make a universal medicine ; but hfr. Smith's waistcoat* 
pocket collection may be looked upon is a successful attempt."— Engineer. 

** The t>est example we have ever seen of 370 pages of useful matter packed Into the dfaneiv 
•Ions of a caxd-cMse.'—Buiiding News. " A ventaole pocket treasury of knowledge."— /rMt, 

French^ English Glossary for Engineers^ etc, 

A POCKET GLOSSARY of TECHNICAL TERMS: ENGLISH- 
FRENCH, FRENCH-ENGLISH; with Tables suitable for the Architectural, 
Engineering, Manufacturing and Nautical Professions. By John James 
Fletcher, Engineer and Surveyor. Second Edition, Revised and Enlarged, 
200 pp. Waistcoat-pocket size, 15. 6d, limp leather. 

" It Is a vety great advantage for readers and correspondents in Franco and Enfjrland to have 
•o large a numtMer of the words relatirvg to engineering and manufacturers collected m a UUputian 
volume. The little book will be useful both to students and ttAvellets."— Architect. 

" The glossary of terms is very complete, and many of the tables are new and weD arranged. 
We cordiaUy commeni «he boolc^—Uuhaniofi fV^rld, 
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Tear-Book of Engineering Formulce, &c. 

THE ENGINEER'S YEAR-BOOK FOR 1896. Comprising 
Formulas, Rules, Tables, Data and Memoranda in Civil, Mechanical, Elec- 
trical, Marine and Mine Engineering. By H. R. Kempe, A.M. Inst.C.E., 
M.I.E.E., Technical Officer of the Engineer-in-Chiei' s Office, General Post 
Office, London, Author of "A Handbook of Electrical Testing,'* "The 
Electrical Engineer's Pocket- Book," &c. Wiih 800 Illustrations, specially 
Engraved for the work. Crown 8vo, 670 pages, Us. leather. IJust published. 
" Represents an enormous quantity of work and forms a desirable book oTreference." — The 

Engineer. 

•• The book is distinctly in advance of most similar publications in this counity."— Engineering. 
" This valuable and well-designed book of reference meets the demands of all descriptions ot 

engineers."— 5a^r(i<(> Review. 

"Teems with up-to-date information in every branch of engineering and construction."— 

Building News. 

" The needs of the engineering profession could hardly be supplied in a more admirable, 

complete and convenient form. To say that it more than sustains aU comparisons is praibe of the 

highest sort, and that may justly be said oixt."— Mining Journal. 

" There is certainly room tor the new comer, which supplies explanations and directions, as 

well as formulx and tables. It deserves to become one of the most successful of the technical 

mnnuals. ' '—A rch itect. 

" Brings together with great skill all the technical information which an engineer has to use 

day by day. It is in every way admirably equipped, and is sure to prove successitiL"— Scotsman. 
" The up-to-dateness of Mr. Kempe's compilation is a quality that will not be lost on the busy 

people for whom the work is intended."— (^/ai-^<7«/ Herald, 

Portable Mngines* 

THE PORTABLE ENGINE; ITS CONSTRUCTION AND 
MANAGEMENT. A Practical Manual for Owners and Users of Steam 
Engines generally. By William Dyson Wansbrough. With 90 Illustra- 
tions. Crown 8vo, 35. 6d. cloth. 

" This Is a work of value to those who use steam machfaiefy. t t * Should be read by evenr- 
oae who has a steam engine, on a farm or elsewhere."— Atari Lane Express. 

" We cordially commend this work to buyers and owners oi steam engines, and to those who 
have to do with their construction or use."— 7Vw*^r Trades youmal. 

" Such a general knowledge of the steam engine as Mr. Wansbrough furnishes to the reader 
s tiould be acquired by all intelligent owners and others who use the steam engine. "—Building News. 
"An excellent text-book of this useful form of engine. ' The Hints to Purchasers' contain a 
good deal of commonsense and practical wisdom."— £»^/u>% Mechanic 

iron and Steel. 

" IRON AND STEEL " ; A Work for the Forge, Foundry, Factory, 
and Office, Containing ready, useful, and trustworthy Information for Iron- 
masters and their Stock-taktrs; Managers of Bar, Rail, Plate, and Sheet 
Rolling Mills ; Iron and Metal Founders ; Iron Ship and Bridge Builders ; 
Mechanical, Mining, and Consulting Engineers ; Architects, Contractors, 
Builders, and Professional Draughtsmen. By Charles Hoars, Author of 
"The Slide Rule," &c. Ninth Edition. 32mo, &. leather. 

•• For comprehensiveness the book has not its equal."— /r^n. 

•• One of the best of the pocket books."— £"«^/ixA Mechanic. 

•* We cordially recommend this t)ook to those engaged In consldeilng the details of aU kinds o 
Iron and steel irotia."— Nerval Scitnce. 

Elementary Mechanics. 

CONDENSED MECHA NICS. A Selection of Formulae. Rules, 

Tables, and Data for the Use of Engineering Students, Science Classes, &c. 

In Accordance with the Requirements of the Science and Art Department. 

By W. G. Crawford Hughks, A.M.I.C.E. Crown 8vo, 2s 6d. cloth. 

" The book is well fitted for those who are either confronted with practical problems In their 
work, or are preparing for examination and wish to refresh their knowleage by gomg through their 
formulae again."— i»/arT>;* Engineer. 

•• It is well arranged, and meets the wants of those for whom it is iateade^"— Railway News, 

Steatn* 

THE SAFE USE OF STEAM, Containing Rules for Un- 
professional Steam-users. By an Engineer. Seventh Edition. Sewed, 6d. 
** If steam-users would but learn this little book by heart, boiler ezf^osions would becc me 
lenaatlons by their taxity."— English Mechanic 

H^amiing» 

HEATING BY HOT WATER; with Information and Sug- 
gestions on the best Methods of Heating Public, Private and Horticultural 
Buildings. By Walter Jones. Second Edition. With 96 Illustrations. 
Crown 8vo, 2s. 6d, net. 

** We confidently recommend all Interested In heating tqr hot water to tecni* a comr of this 
rahiable Uttle treatise."— TVb/ Plumbir and Deicrator, 
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CIVIL SNOINEERINO, BURVEYINO, eto. 

lAght Railways. 

LIGHT RAILWAYS FOR THE UNITED KINGDOM, 
INDIA, AND THE COLONIES : A Practical Handbook setting forth the 
Principles on which Light Railways should be Constructed, Worked and 
Financed J and detailing the cost of Construction, Equipment, Revenue, 
and Working Expences of Local Railways already established in the above- 
mentioned Countries, and in Belgium, France, Switzerland, &c. By John 
Charles Mackay, F.G.S., A.M.Inst.C.E. Illustrated with 40 Photographic 
Plates and other Diagrams. Medium 8vo, 15s. cloth. [Just published. 

Exactly what has been long wanted, and sure to have a wide sale."— /^aiVwoy News. 

fFater Supply and Water-Works. 

THE WATER SUPPLY OF TOWNS AND THE CON- 
STRUCTION OF WATER-WORKS: A Practical Treatise for the Use ol 
Engineers and Students of Engineering. By W. K. Burton, A.M.Inst C E., 
Professor of Sanitary Engineering in the Imperial University, Tokyo, Japan, 
and Consulting Engineer to the Tokyo Water-works. With an Appendix on 
Tlie Effects of Earthquakes on Waterworks, by John Milne, F.R.S., Pro- 
fessor of Mining in the Imperial University of Japan. With numerous 
Plates and Illustrations. Super-royal 8vo, 25s. buckram. [Just published. 
" The whole art of waterworks construction is dealt with in a clear and comprehensive fashion 
in this handsome volume. . . . Mr. Burton's practical treatise shows in all its sections the fruit 
of mdependent study and individual experience. It is largely based upon his own practice in the 
branch of engineering of which it treats, and with such a basis a treatise can scarcely fail to be sug- 
gestive and useful."— Safurday Review. 

' Professor Burton's book is sure ot a warm welcome among engineers. It is written in clear 
and rigorous language and fonns an exhaustive treatise on a branch of engineering tlxe claims ol 
which it would be dithcult to over-estimate."— Scotsman. 

" The subjects seem to us to be ably discussed, with a practical aim to meet the reauirements 
of all its probable readers. The volume is well got up, and the illustrations are excellent. ' 

The Lancet 

Water Supply of Cities and Towns. 

A COMPREHENSIVE TREATISE on the WATER-SUPPLY 

OF CITIES AND TOWNS, By William Humber, A-M.Inst.C.E., and 

M. Inst. M.E., Author of " Cast and Wrought Iron Bridge Construction," 

&c. &c. Illustrated with 50 Double Plates, x Single Plate, Coloured 

Frontispiece, and upwards oi 350 Woodcuts, and containing 400 pages of 

Text. Imp. 4to. £6 6s. elegantly and substantially half-bound in morocco • 

"The most systematic and valuable work upon water supply hitherto produced in English or 

In any other language. ... Mr. Humber s work is characterised almost throughout by an 

•zhaustiveness much more distinctive of French and German than of English technical treatises. 

—£Hgifteer. 

" We can congratulate Mr. Humber on having been able to give so large an amount of infor- 
mation on a subject so important as the water supply of cities and towns. The plates, filty u 
number, are mostly drawings of executed works, and alone would have commanded the attention 
of every engineer whose practice may lie in this branch of the profession."— ^Mt/ticr. 

Water Supply. 

RURAL WATER SUPPLY: A Practical Handbook on the 
Supply of Water and Construction of Wat erworlts for small Country Districts. 
By Allan Greenwell, A.M.I.C.E., and W. T. Curry, A.M.I.C.E., F.G.S. 
With Illustrations. Crown 8vo, 5s. cloth. I7i*^t published. 

" We conscientiously recommend it as a very useful book for those concerned in obtain- 
ing water for small districts, giving a great deal ol practical information in a small compass." — 

" The volume contains valuable information upon all matters connected with water supply. . 
. It is full of details on points which are continually before waterworks' enyineers.'"— Aa/«r^. 

Hydraulic Tables. 

HYDRAULIC TABLES, CO-EFFICIENTS. and FORMULJE 
jof finding the Discharge of Water from Orifices, NoUhes, Weirs, Pip^t ^nd 
Rivers. By John Neville, Civil Engineer, M.R.I.A. Third Ed., carefully 
Revised, with considerable Additions. Numerous Illusts. Cr. 8vo, 145. cloth. 
" Alike valuable to students and engineers in practice ; its study will prevent the annoyance of 

avoidable failures, and assist them to select the readiest means of successfully carrying out any 

given work connected with hydraulic engineering."— A/(nt»^ youmal, 

" It is, of all English books on the subject.the one nearest to completeness.".— ^rcAtfaer. 
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Hydraulics, 

HYDRA ULIC MANUAL. Consisting of Working Tables and 

Explanatory Text. Intended as a Guide in Hydranlic Calculations and Field 

Operations. By Lowis D'A. Jackson. Author of "Aid to Survey Practice," 

"Modern Metrology," &c. Fourth Edition, Enlarged. Large cr. 8vo, i6$. el. 

" The author has had a wide experience in hydraulic engineering^ and has been a careful ob> 

Mrrer of the facts which have come under his notice, and from the great mass of material at his 

command he has constructed a manual which may be accepted as a trustworthy guide to this 

iMranch of the en^eer's profession. We can heartily recommend this volume to all who desire to 

be acquainted with the latest develooment of this important subject."— £n£ittterin£, 

" The standard-work in this department of mechanics."— Sro/xman. 

" The most useful feature of this work is its freedom from what Is supenumnated, and Its 
thorough adoption of recent experiments ; the text is, in fiict, In great part a short account oi the 
great modem experiments."— Wo/wrr. 

Water Storage, Conveyance, and Utilisation, 

WATER ENGINEERING : A Practical Treatise on the Measure- 
ment, Storage, Conveyance, and Utilisation of Water for the Supply of Towns, 
for Mill Power, and for other Purposes. By Charles Slagg, A.M.Inst.C.E., 
Author of " Sanitary Work in the Smaller Towns, and in Villages," &c. 
Second Edition. With numerous Illustrations. Crown 8vo, ys. 6d. cloth. 
" As a small practical treatise on the water supply ot towns, and on some applications of 

water-power, the work is in many respects exceUeat.' —EM£ineerin£'. 

** The author has collated the results deduced from the experiments of the most eminent 

autiiorities, and has presented them in a compact and practical form, accompanied by very clear 

and detailed explanations. . . . The application of water as a motive power is treated very 

carefully and exhaustively."— ^»^(/^r. 

"For anyone who desires to begin the study of hydraulics with a consideration of the practical 

applications of the science there is no better gvdde."—ArcAiUct» 

Drainage. 

ON THE DRAINAGE OP LANDS, TOWNS, AND BUILD- 
INGS. By G. D. Dbmpsby, C.E., Author of *« The Practical Railway En- 
gineer," &c. Revised, with large Additions on Rbcbnt Practicb in 
Drainage Engineering, by D. Kinnbar Clark, M.Inst.C.B. Author oi 
••Tramways: Their Construction and Working," "A Manual of Rules. 
Tables, and Data for Mechanical Engineers," &c. Third :Edition. Small 
crown 8vo, 45. 6d. cloth. [Just published. 

" The new matter added to Mr. Dempsey's excellent work Is characterised by the comprehen* 

slve grasp and accuracy of detail for which the name of Mr. D. K. Clark is a sufficient Toucher."— > 

AtMetutum. 

" As a work on recent practice In drainage engineering, tiie book Is to be commended to all 

who are making that branch of engineering science their special study."— /r<m. 

- A comprehensive manual on drainage engineering, and a useful introduction to the ftndent.** 

'~Buildin£ News. 

River JEngineering. 

RIVER BARS: The Causes of their Formation, and their Treat* 
ment by " Induced Tidal Scour; " with a Description of the Successful Re- 
duction by this Method of the Bar at Dublin. By I. J. Mann, Assist. Eng. 
to the Dublin Port and Docks Board. Royal 8vo, 75. 6d. cloth. 
" We recommend all interested in harbour works— and, indeed, those concerned In the fan- 
provements of rivers generally— to read Mr. Mann's interesting work on the treatment ot rivet 

Tramways and their Working. 

TRAMWAYS: THEIR CONSTRUCTION AND WORKING. 

Embracing a Comprehensive History of the System ; with an exhaustive 
Analysis of the vanous Modes of Traction, including Horse-Power, Steam, 
Cable Traction, Electric Traction, &c.; a Description of the Varieties of Roll- 
ing Stock : and ample Details of Cost and Working Expenses. New Edition, 
Thoroughly Revised, and Including the Progress recently made in Tramway 
Construction, &c. &c. By D. Kinnbar Clark. M.Inst.C.B. With numerous 
Illustrations and Folding Plates. In One Volume, 8vo, 780 pages, price 28s., 
bound in buckram. [just publisjied. 

" AH interested in tramways must refer to it, as all railway engineers have turned to the author's 

work ' Railway Machinery.'"— J?«^««r. 

" An exhaustive and practical work on tramways, in which the history of this kind of tocomOi 

tlon, and a description and cost of the various modes of laying tramways, are to t>e found. — 

Buildin£ News. 

" The best form of rails, the best mode of construction, and the best mechanical appUance 

are so fairly indicated in the work imder review, that any engineer about to construct a tramway 

will be enabled at once to obtain the practical hifonnation which will \» of most service to bUo. •• 

Athenaumt 
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Student^s Text-Book on Surveying, 

PRACTICAL SURVEYING: A Text-Book for Students pre- 
paring for Examination or for Survey-work in the Colonies. By George 
W. UsiLL, A.M.I.C.B.; Author of "The Statistics of the Water Supply of 
Great Britain." With Four Litho^aphic Plates and upwards of 330 Ilfustra* 
tions. Fourth Edition, Revised, including Tables of Natural Sines, Tan- 
gents, Secants, &c. Crown 8vo, 7s. 6d. cloth ; or, on Thin Paper, bound in 
limp leather, gilt edges, rounded corners, for pocket use, 125. 6d, 
" The best forms of instruments are described as to their construction, uses and modes of 

•mployment, and there are innumerable hints on work and eouipnient such as the author, in his 

experience as surveyor, draugrhtsman, and teacher, has found necessary, and which the student 

la his inexperience will find most serviceable." — Engineer. 

".The latest treatise in the Hnelish language on surveyinfif, and we have no hesitation In say* 

Ins: tiiat the student will find it a better guide than any of its predecessors .... 

Deserves to be recognised as the first book which should be put in the tiands of a pupil of Clvtl 

Engineering, and every gentleman of education who sets out Cor the Colonies would find it well to 

haToa ca^y."—Archiua, 

Survey Fractice. 

AID TO SURVEY PRACTICE, for Reference in Surveying, UveU 

lin^, and Setting'Out ; and in Route Survey i of Travellers by Land and Sea, 
With Tables, Illustrations, and Records. By Lewis D'A. Jackson, 
A.M.I.C.B.^ Author of " Hydraulic Manual/' " Modern Metrology," Ac, 
Second Edition, Enlarged. Large crown 8vo, I25. 6d. cloth. 
"A valuable vade-mecum for the surveyor. We can recommend this book as containing an * 

admiiable supplement to the teaching ofthe accomplished surveyor. "—^<A«wtfMif». 

** As a text-t>ook we shoukl advise an surveyors to place It in their libraries, and study weU the 

matured instructions afforded in its p&ecs."—Coi/iery Guardian. 

" The author brings to his work a fortunate union of theory and practical experience which, 

aided by a clear and lucid style of writing, renders the book a very useful ooi^"—BuiMtr. 

Surveying, fLand and Marine, 

LAND AND MARINE 5C7/eF£y/NG, in Reference to the Pre- 
paration of Plans for Roads and Railways ; Canals, Rivers, Towns' Water 
Supplies; Docks and Harbours, With Description and Use of Surveying 
Instruments. By W. D. Haskoll, C.E., Author of " Bridge and Viaduct Con- 
struction," &c. Second Edition, Revised, with Additions. Large cr.8vo,9s. cl. 
" This book must prove of great value to the student. We have no hesitation in recommend- 
iag it, feeling assured that it wiU more than repay a careful stxxdy."— Mechanical World. 

" A most useful and well arranged book. We can strongly recommeno it as a carefully>wfittea 
and valuable text-book. It enjoys a well-deserved repute among surveyors."— J9»/itf«r. 
" This vohmie cannot fail to prove of the utmost practical utility. It may be safely rec 
to all students wlio aspire to become clean and expert surveyors."— if^^^V yournoL 

Field-Book for Engineers, 

THE ENGINEER'S, MINING SURVEYOR'S, AND CON- 

TRA CTOR 'S FIELD-BOOK. Consisting of a Series of Tables, with Rules, 

Explanations of Systems, and use of Theodolite for Traverse Surveying and 

Plotting the Work with minute accuracy by means of Straight Edge and Set 

Square only ; Levelling with the Theodolite, Casting-out and Reducing 

Levels to Datum, and Plotting Sections in the ordinary manner ; setting-out 

Curves with the Theodolite by Tangential Angles and Multiples, with Right 

and Left-hand Readings of the Instrument: Setting-out Curves without 

Theodolite, on the System of Tangential Angles by sets of Tangents and OAF- 

sets : and Earthwork Tables to 80 feet deep, calculated for every 6 inches in 

.depth. By W. D. Haskoll, C.E. Fourth Edition. Crown 8vo, 12s. cloth. 

*'The book is very handy ; the separate tables of sines and tanf^ents to every minute wiU make 

nseful for many other pur^ses, the genuine traverse tables existmg all the s»me."—AtMenattm, 

" Every person engaged in en^neering field operations will estimate the importance of such e 

work ami the amount of valuable tune which will be saved by reference to a set of reUabte tshlet 

prepared with the accuracy and fulness of those given in this volume."— .Xat/mv Nnvs, 

Levelling. 

A TREATISE ON THE PRINCIPLES AND PRACTICE OP 
LEVELLING, Showing its Application to purposes of Railway and Civil 
Engineering, in the Construction of Roads: with Mr. Telford's Rules for the 
same. By Frederick W. Simms, F.G.S., M.Inst.C.E. Seventh Edition, with 
the addition of Law's Practical Examples for Setting-out Railway Curves, and 
Trautwine's Field Practice of Laying-out Circular Curves, with 7 Plates 
and numerous Woodcuts. 8vo, 82. 64. cloth. %* Trautwinb on Curves 
may be had separate, 5s. 
" The text-book on levelling in most of our engineering schools and colleges. . . . The 
publishers lutve rendered a substantial service to the profession, especially to the younper members, 
by bringing out the present edition of Mr, Simms's useful book "^L'n^neer. 
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Trigonometrical Surveying. 

AN OUTLINE OP THE METHOD OP CONDUCTING A 

TRIGONOMETRICAL SURVEY, for the Formation of Geographical and 
Topographical Maps and Plans, Mihtary Reconnaissance, Levelling, &c., with 
Useful Problems, FormulaB, and Tables. By Lieut.-General Fromb, R.E. 
Fourth Edition, Revised and partly Re-written by Major General Sir Charlbs 
Warrbn, G.C.M.G., R.B. With xg Plates and 115 Woodcuts. Royal 8vo, i6s. 
cloth. 

"The simple ftict that a fourth edition has been called for Is the best testimony to Its meHts 
No words of praise from us can strengthen the position so well and so steadily maintained by this 
work. Sir Charles Warren has revised the entire work, and made such additioas as were necessary 
to brlnf every portion of the contents up to the present 6MXM."—£rHul Arrow 

CurveSf Tables for 8etting-ouU 

TABLES OP TANGENTIAL ANGLES AND MULTIPLES 
for Setting-out Curves from 5 to 200 Radius, By Albxandbr Bbazblbt 
M.Inst.C.E. Fourth Edition. Printed on 48 Cards, and sold in a cloth box, 
waistcoat-pocket size. 35. 64. 
" Each table is printed on a small card, which, behig placed on the theodoBte, leaves the hand 

free to manipulate the instrument— no small advantagfe as regards the npi^ty of -work."— Sfi£imer. 
"Very handy ; a man may know that all his day's work must fall on two of these cards, which 

he puts into his own card-case, and leaves the rest behind. "--^MMurMM. 

Earthwork. 

HANDY GENERAL EARTHWORK TABLES, Giving 
the Contents in Cubic Yards of Centre and Slopes of Cuttings and Embank- 
ments from 3 inches to 80 feet in Depth of Height, for use with either 66 feet 
Chain or 100 feet Chain. By J. H. Watson Buck, M.Inst.C.E. On a Sheet 
mounted in cloth case, 3s. 6d, IJust published. 

Earthivork, 

EARTHWORK TABLES. Showing the Contents in Cubic 
Yards of Embankments, Cuttings, &c., of Heights or Depths up to an 
average of 80 feet. By Joseph Broadbent, C.E., and Francis Campin, C.E. 
Crown 8vo, 5s. cloth. 

" The way in which accuracy Is attained, by a simple division of each cross sectkm Into tknm 
dements, two in which are constant and one variaUe. is ingeniouB."— A t/unceum. 

Earthwork^ Measurement of. 

A MANUAL ON EARTHWORK. By Alex. J. S. Graham, 
C.B. With numerous Diagrams. Second Edition. x8mo, 35. 6d. cloth. 
" A sfreat amount of practical information, very admirably arranged, and aviulable for rooKti 

estimates, as well..as for the more exact calculations required in the eng in eer's and contractor's 

o&oea."— Artisan, 

Tunnelling. 

PRACTICAL TUNNELLING, Explaining in detail the Setting, 
out oi the works. Shaft-sinking and Heading-driving, Raneing the Lines and 
Levelling underground, Sub-Excavating, Timbering, and the Construction 
of the Brickwork of Tunnels, with the amount of Labour required for, and the 
Cost of, the various portions of the work. By Frederick W. Simms, M.Inst. 
C.E. Fourth Edition, Revised and Further Extended, including the Most 
Recent (1895) Examples of Sub aqueous and other Tunnels, by D. Kinnrar 
Clark, M.Inst. C.B. Imperial 8vo, with 34 Folding Plates and other Illus- 
trations, £2 2$. cloth. IJ^si published , 
** The estimation in which Mr. Sfamns's book on tunnelling has been htAd lui uve> uurcy yean 
cannot be moretruly expressed than in the words of the late Prof. Rankine :— ' The best source of in* 
formation or the subject of tunnels is Mr.F.W.Simms'swork on Practical Tunae\nng."'— Architect. 
" It has been re^^arded from the first as a text-book of the subject. . . . Mr. Clark has added 
Immensely to the value of the book,"— EngiHcer, 

Tunnel Shafts. 

THE CONSTRUCTION OP LARGE TUNNEL SHAPTS : A 
Practical and Theoretical Essay. By J. H. Watson Buck, M.Inst.C.E., 
Resident Engineer, London and North-western Railway. Illustrated with 
Folding Plates. Royal 8vo, 135. cloth. 

" Many of the methods given are of extreme practical value to the mason ; and the obsetvatloLS 

on tiie form of arch, the rules for ordering the stone, and the construction of the templates will be 

lound of considerable use. We commend the book to the engineering ptofes^an."—BuiUiM£ News , 

" Will be regarded by civil engineers as of the utmost valuer and calnilated to save much tlma 

and obviate many mistakes. "—CoUicry Guardian, 
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Oblique Bridges. 

A PRACTICAL AND THEORETICAL ESSAY ON OBLIQUE 
BRIDGES. With 13 large Plates. By the late George Watson Buck, 
M.l.C.E. Fourth Edition, revised by his Son, J. H. Watson Buck, M.I.C.B. 
and with the addition of Description to Diagrams for Facilitating the Con- 
strucUon of Oblique Bridges, by W. H. Barlow, M.I.C.B. Roy. 8vo, los. cl. 
** The standard text-book for all en^neers wegaxdiog skew arches Is Mr. Buck's treatise, aad it 
would be impossible to consult a better. —£n£^nger. 

"Mr. Buck's treatise is recognised as a standard text-book, and Ms treatment has divested the 
subject of many of the intricacies supposed to belonj^ to it. As a guide to the engineer and ardii* 
tect, on a confessedly difficult subject, Mr. Buck's work is uns\irpeSsed,"—Buiidifi£Ntms, 

Coat and Wrought Iron Bridge Construction. 

A COMPLETE AND PRACTICAL TREATISE ON CAST 
AND WROUGHT IRCN BRIDGE CONSTRUCTION, including Iron 
Foundations. In Three Parts— Theoretical, Practical, and Descriptive, By 
William Humber, A.M.Inst. C.E., and M.Inst M.E. Third Edition, Re- 
vised and much improved, with 115 Double Plates (so of which now first 
appear in this edition), and numerous Additions to the Text. In Two V0I8.1 
imp. 4to, £6 16s. 6d. half-bound in morocco. 

"A very valuable eontribution to the standard literature of dvU engineering. In addition to 
ele (rations, plans and sections, large scale details are given which very much enhance tlie instruc* 
tive worth of those Vlustrations.'^'— Civil Eft£ine€r and Architect's Journals 

Iron Bridges. 

IRON BRIDGES OF MODERATE SPAN : Their Construc- 
tion and Erection. By Hamilton Weldon Pendred, late Inspector of 
Ironwork to the Salford Corporation. With 40 Illustrations. i2mo, 2s. cloth. 

" Students and engineers should obtain this book for constant and practical use."— Co/liery 
Guardian. 

Oblique Arches, 

A PRACTICAL TREATISE ON THE CONSTRUCTION OP 
OBLIQUE ARCHES. By John Hart. Third Edition, with Plates. Im- 
perial Bvo, 85. cloth. 

Statics, Graphic and Analytic. 

GRAPHIC AND ANALYTIC STATICS, in their Practical Appii^ 
cation to the Treatment of Stresses in Roofs, Solid Girders, Lattice^ Bowstring 
and Suspension Bridges, Braced Iron Arches and Piers, and other Frameworks, 
Bv R. Hudson Graham, C.E. Containing Diagrams and Plates to Scale. 
With numerous Examples, many taken from existing Structures. Specially 
arranged for Class-work in Colleges and Universities. Second Edition, Re- 
vised. and Enlarged. 8vo, 16s. cloth. 

" Mr. Graham's book will find a place wherever graphic and analytic statics are used or studied." 
•^Sngrineer. 

"The work is excellent from a practical point of view, and has evidently been prepared with 
much care. The directions for working are ample, and are illustrated by an abundance of well* 
selected examples. It is an excellent text-book for the practical draughtsman."— ^/Aen^rMw. 

Girders, Strength of. 

GRAPHIC TABLE FOR FACILITATING THE COMPUTA^ 
TION OF THE WEIGHTS OF WROUGHT IRON AND STEEL 
GIRDERS, etc., for Parliamentary and other Estimates. By J. H. Watson 
Buck, M.Inst.C.E. On a Sheet, as. 6d. 

Strains, Calculation of. 

A HANDY BOOK FOR THE CALCULATION OF STRAINS 
IN GIRDERS A ND SIMILA RSTR UCTURES, AND THEIR STRENGTH, 
Consisting of Formulas and Corresponding Diagrams, with numerous details 
for Practical Application, &c. By William Humber, A-M.Inst.C.E., &c. 
Fifth Edition. Crown Svo, nearly 100 Woodcuts and 3 Plates, 7s. 6d, cloth 

" The formulae are neady expressed, and the diagrams good."—u4thertaufn. 

*' We heartily commoid this really Mamfy book to our engineer and architect readers.**— i?»r 
lis A Mechmnic 
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Trusses* 

TRUSSES OF WOOD AND IRON. Practical Applications of 
Science in Determining the Stresses, Breaking Weights ^ Safe Loads, Scantlings, 
and Details of Construction, with Complete Working Drawings. By William 
Griffiths, Surveyor, Assistant Master, Tranmere School of Science and 
Art. Oblong 8vo, 4s. 6d. cloth. 
" This handy little book enters so minutely Into every detail connected with the osnstrucUon of 

roof trusses, tliat no student need be igrnorant of these natt&[s,'^^-Practicai Engineer, 

Strains in Ironwork* 

THE STRAINS ON STRUCTURES OP IRONWORK; with 

Practical Remarks on Iron Construction. By F. W. Sheilds, M.Inst.C.Ei 
Second Edition, with 5 Plates. Royal 8vo, 5s. cloth. 
" The student cannot find a better Uttle book on this suhiecL'— Engineer, 

Barlow's S trength of M aterials, enlarged byHumher. 

A TREATISE ON THE STRENGTH OF MATERIALS; 
with Rules for Application in Architecture, the Construction of Suspension 
Bridges, Railways, &c. By Peter Barlow, F.R.S. A New Edition, Revised 
by his Sons, P. W. Barlow, F.R.S., and W. H. Barlow, F.R.S. ; to which 
are added, Experiments by Hodgkinson, Fairbairn, and Kirkaldy; and 
Formulae for Calculating Girders, &c. Arranged and Edited by Wm.HumbbRi 
A-M.Inst.C.E. Demy 8vo, 400 pp., with 19 large Plates and numerous Wood. 
cuts, 1 8s. cloth. 

** Valuable alike to the student, tyro, and the experienced practitioner, it wfll always rank In 
foture. as it has hitherto done, as the standard treatise on that particular subject."— i7M,fT»««r. 

" There is no c^reater authority than '^riow."— Building- News. 

" As a scientific work of the first class, it deserves a foremost place on the bookshelves of every 
chrtt eng^eer and practical tcecioMSc."— English Mechanic. 

Cast Iron and other Metals^ Strength of. 

A PRACTICAL ESSAY ON THE STRENGTH OP CAST 
IRON AND OTHER METALS. By Thomas Tredgold, C.E. Fifth 
Edition, including Hodgkinson's Experimental Researches. 8vo, lis. cloth. 

Railway Working. 

SAFE RAILWAY WORKING. A Treatise on Railway Acci^ 

dents: Their Cause and Prevention; with a Description of Modem Appliances 
and Systems. By Clement E. Stretton, C.E. With Illustrations and 

Tn. cured Plates. Third Edition. Enlarged. Crown Svo, 3s. 6d. 

" A book for the engineer, the directors, the managers ; and, in short, all who wish for informa- 
tion on railway matters will find a perfect encyclopaedia in ' Safe Railway Working.' "—Raiiway 
Review. 

" We commend the remarks on railway signalling to all railway managers, especially where a 
uniform code and practice is advocated.' —Herepath's Railway journal, 

"The author maybe conpfratulated on having collected, in a very convenient form, much 
valuable information on the prmcipal questions affecting the safe working of railways."— £a</. 
way Engineer. 

Heatf Expansion by. 

EXPANSION OF STRUCTURES BY HEAT. By John 
Keily, C.E., late of the Indian Public Works and Victorian Railway Depart 
ments. Crown Svo, 3s. 6<i. cloth. 

Summary of Contents. 



Section I. Formulas and Data. 
Section II. Metal Bars. 
Section III. Simple Frames. 
Section IV. Complex Frames and 

Plates. 
Section V. Thermal Conductivity. 



Section VI. Mechanical Forcb of 

Heat. 
Section VII. Work of Expansion 

AND Contraction. 
Section VIII. Suspension Bridges. 
Section IX. Masonry Structures. 



** The aim the author has set before him, viz., to show the effects of heat upon metallic and 
other structures, is a laudable one, for this is a branch of physics upon which the engineer or arcbi* 



tect can find but little reliable and comprehensive data in books." — Builder. 
•• Whoever is concerned to know the effect of changes of temperature 
suspension bridges and the like, could not do belter than consult Mr. Kelly's valuable and 



" Whoever is concerned to know the effect of changes of temperature on such structures as 

^ension bridges and the like, could not do better than consult Mr. Kelly's va" " * 

exposition of the geometrical principles involved in these changes."— S^oM^rman. 

Field Fortification. 

A TREATISE ON FIELD FORTIFICATION , THE ATTACK 
OF FORTRESSES, MILITARY MINING, AND RECONNOITRING, By 
Colonel I. S. Macaulay, late Professor of Fortification in the R.M.A., Wool- 
wich. Sixth Edition. Crown 8vo, with separate Atlas of la Plates, 12s. cloth. 
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MR. NUMBER'S GREAT WORK ON MODERN ENQlNEERtNQ. 

Complete in Four Volumes, imperial 4to, price £i9 its., half-morocco. Bach 
Volume sold separately as follows :— 

i RECORD OP THE PROGRESS OP MODERN ENGINEER- 
ING. First Series. Comprising Civil, Mechanical, Marine, Hydraulic, 
Railway, Bridge, and other Engineering Works, &c. By William H umber, 
A-M.Inst.C.E., &c. Imp. 4to, with 36 Double Plates, drawn to a large scale, 
Photographic Portrait of John Hawkshaw, C.E., F.R.S., &c., and copioot 
descriptive Letterpress, Speciiications, &c., £3 35. half-morocco. 
List of the Plates and Diagrams, 

Thames, West London Extensloa lUllwmv (S 
^tes); Armour Plates: Suspension Briogr*! 



Thames _(4 plates) 
ria^e, A^ 
IPlatMl. 



The AUen Engine ; Sus- 



gension Bridj^e, Avon (3 pUtes); UndeigrouMl 



Victoria Station and Roof, L. B. & S. C. R, 
(8 plates); Southport Pier (3 plates); Victoria 
.>Ution and Roof; L. C. & D. and G. W. R. (6 
plates); Roof of Cremome Music Hall; Bridge 
orer G. N. Railway ; Roof of Station, Dutch 
Rhenish Rail (a plates); Bridge over the 

" Handsomely lithographed and printed. It win find favour with many who desire to preserv* 
ta a permanent form copies of the plans and specifications prepared for the guidance of the coo 
tractors for many important engineering wotks. —£n£iM€€r. 

HUMBERTS PROGRESS OP MODERN ENGINEERING. 
Second Series. Imp. 4to, with 36 Double Plates, Photographic Portrait of 
Robert Stephenson, C.E., M.P., F.R.S., &c., and copious descriptive Letter- 
press, Specifications, &cr., £s 3s. half-morocco. 

List 0/ the Plates and Diagrams, 



Bfafkenhead Docks, Low Water Basin (15 
^tes); Churhig Cross Station Roof, C. C. 



well Viaduct, Great 

_ _, ; RoBbery Weed Viaduct, 

Great Nortliem Railway; Iron Permanent 
Way; Clydach Viaduct, Merthyr, Tredegar, 



dlway (3 plates) ; Dij 
Northern Railway '^ 



and Abergavenny Railway; Ebim Vladiiel, 

', Tredegar, and Abergavenny Rail* 

way ; College V/ood Viaduct, Cornwall Rail* 



. Dublin Winter Palace Roof (3 plates) ; 
Bndg« over the Thames, L. C. Sc D. Railway 



Merthyr, 
way; ^ 
way; 

Bridg . 

(6 plates) ; Albert Harbour. Greenock (4 plates). 
" Mr. Humber has done the profession good and true service, by the fine collection of examplM 
Im has here brought before the profession and the puYAxc"— Practical Mechanic's youmal. 

HUMBERTS PROGRESS OP MODERN ENGINEERING, 
Third Series. Imp. 4to, with 40 Double Plates, Photographic Portrait of 
J. R. M 'Clean, late Pres. Inst. C.E., and copious descriptive Letterpress, 
Specifications, &c., £1 35. half-morocco. 

List of the Plates and Diagrams, 



Main Drainagb. Metropolis.— A<>rfA 
Slifc.— Map showing Interception of Sewers; 
Middle Level Sewer (3 plates) ; Outfall Sewer, 
Bridge over River Lea (3 plates) ; Outfall Sewer, 
Bridge over Marsh Lane, North Woolwich 
Railway, and Bow and Barking RaUway Junc- 
tion; Outfall Sewer, Bridge over Bow and 
BarUng Railway (3 plates); Outfall Sewer. 
«... ^ ., indon "' . -.— 



Sewer, Reservonr and Outlet (4 plates) : Ontfall 
Sewer, FUth Hoist; Sections of Sewers (North 
and South Sides). 

Thames Embankment.— Section of Rtvet 
Wall ; Steamboat Pier, Westmhister (3 plates): 
Landing Stairs between Charing Cross and 
Waterloo Bridges ; York Gate (a plates) ; Over- 
flow and Outlet at Savoy Street Sewer (3 plates) ; 
Steamboat Pier, Waterioo Bridge (3 plates) ; 
JunctitNi of Sewers, Plans and Sections ; 
Gullies, Plans and Sections; Rotting Stock 
GfaniM and Iron Forts. 



Bridge over East London Waterworks' Feeder 
(a plates) : Outfall Sewer. Reservoir (a plates) ; 
Outfall Sewer, Tumbling Bay and Outlet ; Out- 
fiOl Sewer, Penstocks. S»uth 5iV^.— Outfall 
S«wer, Bermondsey Branch (a plates) ; Outfall 

** The drawings lave a constantly increasing vzlue, and whoever desires to possess dear repr» 
•antations of the two great woriu canried out tv <hu Metropolitan Board will obtain Mr. number's 
Tohime." — EH£itutr, 

HUMBERTS PROGRESS OP MODERN ENGINEERING, 

Fourth Series. Imp. 4to, with 36 Double Plates, Photographic Portrait ol 
John Fowler, late Pres. Inst. C.B., and copious descriptive Letterpress, 
Specifications, &c., £s 35. half-morocco. 

List of the Plates and Diagrams, 
Abbey Mills Pumping Station, Main Draln- 
•M Metropolis (4 plates) ; Barrow Docks (5 
plates) ; Manquis Viaduct, Santiago and VaJ- 
paniso Railway (a plates); Adam's Locomo- 
tive, St. Helen's Canal Railway ^3 plates); 
Cannon Street Station Roof, Channg Cross 



Railway (3 plates) ; Road Bridge over the River 
" • * pUt< "' * ' 



Mesopotamia; Vladnct orer the River Wye, 

Midland Railway (3 plates) ; St. Germans Via- 
duct, Cornwall Railway (a plates); Wrought^ 
Iron Cylinder for Diving Bell ; MiUwall Docks 
(6 plates) ; Mih-oys Patent Excavator ; Metro- 
politan District Railway (6 plates) ; Harboon, 



Porto, and Breakwaters (3 plates). 



If oka (a putes); Tdegraphic Apparatus for 

" We gladly welcome another jrear's issue of this valuable publication from the able pen of 
Mr. Humber. The accuracy and general excellence of this woric are well known, while its useful 
ness in giving the measurements and details of some of the latest examples of engineering, as 
canled out bv tha most •mlnent men is the profession, cannot b« too highly ptixod,"— A rtitaff. 
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THE POPULAR WORKS OF MICHAEL REYNOLDS 
("The Engine Driver's Fribmd "). 

Locomotive-Engine Driving. 

LOCOMOTIVE-ENGINE DRIVING: A Practical Manual for 
Engineers in charge of Locomotive Engines. By Michael Reynolds* Member 
oi the Society ot Engineers, formerly Locomotive Inspector L. B. and S. C. R. 
Ninth Edition, including a Key to the Locomotive Engine. With Illus- 
trations and Portrait ot Author. Crown 8vo, 45. 6d. clotn. 
"Mr. Reynolds has supplied a want, and has supplied it welL We can confidently recominead 

the t>ook, not only to the practical drirer, but to eTMryona who takes an interest in the pecfonnaae« 

of locomotive engines."— TA* Eneuuer. 

" Mr. Reynolds has opened a new chapter In the literature of the day. Ot the practical vtUitir 

of this admirable treatise, we have to speak in terms of warm commendation."— Athenaufn, 
" Evidently the work ot one who knows his subject thorouglily."— RaUtoay Servu* GuMtiU. 
"Were the cautions and rules given In the book to become part of the every-day working of 

our engine-drivers, we might have fewer distressing accidents to aepIore."-<Scptomai(. 

Stationary Engine thriving. 

STATIONARY ENGINE DRIVING : A Practical Manual for 
Enpneers in charee of stationary Engines. By Michael Reynolds. Fifth 
Edition. Enlarged. With Plates and Woodcuts. Crown 8vo, 4s. &<. cloth. 
"The author is thoroughly acquainted with his subjects, and his advice on the various points 

treated is clear and practical. ... He has produced a manual which is an exceedingly useful 

(me for the class for whom it is specially intended." — Bngineerirtf, 

" Our author leaves no stone unturned. He is determined that his readers shall not only know 

something about the stationary engine, but all about it."— En^neer. 

"An engineman who has mastered the contents of Mr. Reynolds's book wfll require but Uttle actw 1 

•xperience with boilers and engines before he can be trusted to look after \ikGa^"—EfiglishM€chan<' . 

The Engineer^ Firemanf and Engine-Boy, 

THE MODEL LOCOMOTIVE ENGINEER, FIREMAN, and 
ENGJNE'BOY. Comprising a Historical Notice of the Pioneer Locomotive 
Engines and their Inventors. By Michael Reynolds. Second Edition, with 
Revised Appendix. With numerous Illustrations' and Portrait of George 
Stephenson. Crown 8vo, 4s. 6d. cloth. [Just published. 

" From the technical knowledge of the author it will appeal to the railway man of to-day more 
forcibly than anything written bv Dr. Smiles. . . . The volume contains information of a tech* 
nical kmd, and tacts that every driver should be familiar yrith."—Ett£iish Mechanic. 

"We should be glad to see this book in the possession of everyone in the kingdom who has 
ever laid, or is to lay, hands on a locomotive engine."— /tmi. 

Continuous Railway Brakes^ 

CONTINUOUS RAILWAY BRAKES: A Practical Treatise on 
the several Systems in Use in the United Kingdom; their Construction and 
Performance. With copious Illustrations and numerous Tables. By Michabi. 
Reynolds. Large crown Bvo, gs. cloth. 
" A popular explanation of the. different brakes. It win l>e of great assistance In forming pnbUc 

opinion, and will be studied with benefit by those who take an mterest hi the hxake."— English 

Mechanic. 

"Written with sufficient technical detail to enable the principle and relative connection of the 

various parts of each particular brake to be readily grasped."— Af<cAanfta/ ff^orld, 

Engine-Thriving lAfe. 

ENGINE-DRIVING LIFE : Stirring Adventures and Incidents 

in the Lives of Locomotive-Engine Drivers, By Michael Reynolds. Third 

and Cheaper Edition. Crown Bvo, is. 6d. cloth. 

" From first to last perfectly fascinating. Wilkie Collins's most thrilling conceptions are thrown 
i ato the shade by true incidents, endless in their variety, related in every page."— North British MaiL 

"Anyone who wishes to get a real insight into railway life cannot do better than read ' Engine* 
Driving Life* for himself ; and if he once take it up lie will find that the author's enthusiasm and real 
k>ve of the engine-driving profession will carry him on till he has read every page."— <Sa/Kn^ie<v<rv. 

Pocket Companion for Enginemen* 

THE ENGINEMAN*S POCKET COMPANION AND PRAC 
TICAL EDUCATOR FOR ENGINEMEN, BOILER ATTENDANTS, 
AND MECHANICS. By Michael Reynolds. With Forty-five Illustra- 
tions and numerous Diagrams. Third Edition, Revised. Royal iSmo, 3s. 6<<., 
strongly bound for pocket wear. 
This admirable work Is well suited to accomplish Its object, being the honest workmanship of 

a competent engmeet."—GUtsg-ow Herald. 

"A most meritorious work, giving in a succinct and practical form all the Information an eogln». 

minder desirous of mastering the saentific principles of his dally calling would require."— 71m 

$tilUr. 

" A boon to those who are striving to become efficient mechanics."— Datfv Chrcniele, 
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MARINE ENGINEERING, SHIPBUILDING, 
N AVIGATION, e tc. 

Pocket-Book for Naval Architects and ShipbuUders, 

THE NAVAL ARCHITECT'S AND SHIPBUILDER'S 
POCKET-BOOK of Fotmula,Rule$,and Tables.and MARINE ENGINEER'S 
AND SURVEYOR'S Handy Book of Reference. By Clbmbnt Mackrow, 
Member of the Institution of Naval Architects, Naval Draughtsman. Sixth 
Edition, Revised. 700 pages, with upwards of 300 IlIustratioDS Fcap., 12s 'M, 
8trongl> bound in leather. [Just published. 

Summary of Contents. 
Signs and Symsols, Decimal Frac- 
tions. — Trigonometry. — Practical 
Geometry. — Mensuration. — Cen- 
tres AND Moments of Figures. — 
Moments of Inertia and Radii of 
Gyration. ■— Algebraical Expres- 
sions for Simpson's Rules.— Me- 
chanical Principles. — Centre of 
Gravity.— Laws of Motion.— Dis- 
placement, Centre of Buoyancy.— 
Centre of Gravity of Ship's Hull. 
—Stability Curves and Metacbn- 
TRES. — Sea and Shallow-water 
Waves.— Rolling of Ships.— Pro- 
pulsion and Resistance of Vessels. 
—Speed Trials.— Sailing, Centre 
OF Effort.— Distances down Rivers, 
Coast Lines.— Steering and Rud- 
ders OF Vessels. — Launching Cal- 
culations and Velocities.— Weight 
OF Material and Gear.— Gun Par- 
ticulars AND Weight.— Standard 
Gauges.— Riveted Joints and Rivet- 
ing. — Strength and Tests of Mate- 
rials. — Binding and Shearing 
Stresses, ETC.— Strength of Shaft- 
ing, Pillars, Wheels, etc. — Hy- 
draulic Data, etc.— Conic Sections, 
Catenarian Curves.— Mechanical 
Powers, Work. — Board of Trade 
Regulations for Boilers and En- 
gines.— Board of Trade Regula- 
tions for Ships.— Lloyd's Rules 

" In these dasrs of advanced knowledge a work like this is of the greatest ralue. It contains a 
▼ast amount of information. We unhesitatingly say that it is the most valuable compilation for its 
specific purpose that has ever been printed. No naval architect, engineer, surveyor, or seaman, 
wood or iron shipbuilder, can afford to be without this work."— Nautical MagaMine. 

"Should be used by all who are engaged in the construction or designs of vessels. . . . WIU 
be found to contain the most useful tables and formulae required by shipbuilders, carefully collected 
from the best authorities, and put together in a popular and simple ioxm"—£ngin*er. 

"The professional shipbuilder has now, m a convenient and accessible form, reliable datm fot 
■olvlngiD^y of the numerous problems that present themselves in the course of his work." — Iron. 

"There is no doubt that a pocket-book of this description must be a necessity in the ship- 
building trade. . . . The volume contains a mass of useful information dearly expressed and 
presented in a handy fona."— Marine Enginetr. 

Marine Engineering. 

MARINE ENGINES AND STEAM VESSELS (A Treatisi 
on). By Robert Murray, C.E. Eighth Edition, thoroughly Revised, with 
considerable Additions by the Author and by George Carlisle, C.E., 
Senior Surveyor to the Board of Trade at Liverpool. lamo, s^' cloth boards. 
" Well adapted to give the young steamship engineer or marme engine and boiler maker a 
general Introduction into his practical yrorV.."— Mechanical World 

"We feel sure that this thoroughly revised edition will continue to be as popular in the future 
M It has been in the past, as, for its size, it contains more useful information tiian any similar 
^xtla!l^alb,"— Industries. 

" As a compendious and useful guide to engineers of our mercantile and royal naial services, 
we should say it cannot "be surpassed."— ^wt/i/in^ News. 

*' The information given is both sound and sensible, and well qualified to direct young sea. 
■" .. .- . . ,.. .. Most useful to surveyers. 



FOR Boilers.— Lloyd's Weight of 
Chains.— Lloyd's Scantlings for 
Ships.— Data of Engines and Ves- 
sels. - Ships' Fittings and Tests.— 
Seasoning Preserving Timber.— 
Measurement of Timber.— Alloys, 
Paints, Varnishes. — Data for 
Stowage. — Admiralty Transport 
Regulations. — Rules for Horse- 
power, Screw Propellers, etc.— 
Percentages for Butt Straps, etc, 
— Particulars of Yachts.— Masting 
AND Rigging Vessels.— Distances 
OF Foreign Ports. — Tonnage 
Tables. — Vocabulary of French 
AND English Terms. — English 
Weights and Measures. — Foreign 
Weights and Measures. — Decimal 
Equivalents. — Foreign Money.— 
Discount and Wage Tables.— Use- 
ful Numbers and Ready Reckoners 
—Tables of Circular Measures.— 
Tables of Areas of and Circum- 
ferences OF Circles.— Tables of 
Areas of Segments of Circles.— 
Tables of Squares and Cubes and 
Roots of Numbers. — Tables of 
Logarithms of Numbers.— Tables 
of HyperbolicLogarithms. — Tables 
OF Natural Sines, Tangents, etc.— 
Tables of Logarithmic SinbSi 
Tangents, etc. 



sroing 
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_ hands mi the stra4rht road to the extra chief's certificate, 
ipectors, dniui^itsmen, and young engineers."— GAsx/vw Herutd, 



i8 CROSBY LOCKWOOD » SON*S CATALOGUE. 

English'-French Dictionary of Sea Terms. 

TECHNICAL DICTIONARY OF SEA TERMS, PHRASES 

AND WORDS USED IN THE ENGLISH & FRENCH LANGUAGES. 

(English-French, French-English). For the Use of Seamen, Engineers, 

Pilots, Ship-builders, Ship-owners and Ship-brokers. Compiled by W. 

PiRRiB, late of the African Steamship Company. Fcap. 8vo, 5s. cloth limp. 

[Just published. 

" This Tolume will be his^hly appreciated by seamen, engrineers, pilots, shipbuilders and ship- 
owners. It will be found wonderfully accurate and complete."—ScoismaH. 

" A very useful dictionary, which has long been wanted by French and English engineers, 
masters, officers and others."— SAi/pift^" JVorld. 

PockeUBooh for Marine Engineers. 

A POCKET-BOOK OF USEFUL TABLES AND FOR- 
MULM FOR MARINE ENGINEERS. By Frank Proctor, A.I.N.A. 
Third Edition. Royal samo, leather, gilt edges, with strap, 4s. 
"We recommend it to our readers as goins: far to supphr a long-felt waiit.'*^iViarmi/ Seiena, 
"A most useful companion to all marine eng in ee r s."— £^«torf Sirvict Gtuutti, 

Introduction to Marine Engineering. 

ELEMENTARY ENGINEERING : A Manual for Young Marin$ 
Engineers and Apprentices, In the Form of Questions and Answers on 
Metals, Alloys, Strength of Materials, Construction and Management ot 
Marine Engines and Boilers, Geometry, &c. &c. With an Appendix of Useful 
Tables. By John Sherrbn Brewer, Government Marine Surveyor, Hong- 
kong. Third Edition. Small crown 8vo, is. 6d. cloth. 

" Contains much valuable information for the class for whom it is Intended, especially In the 
diapters on the management of boilers and engines."— Nauticai Magatitu, 

" A useftil introduction to the more elaborate text-books."— S^vi^rmaM. 

" To a student who has the requisite desire and resolve to attain a thorough knoidedge. Mr. 
Brewer ofiers decidedly useful btip,"—AtkeHaum, 

Navigation. 

PRACTICAL NAVIGATION. Consisting of Ths Sailor's 
Sba-Book, by Jambs Greenwood and W. H. Rossbr: together with the 
requisite Mathematical and Nautical Tables for the Workmg of the Problems, 
by Henry Law, C.B., and Professor J. R. Young. Illustrated* zamo, 7s. 
strongly half-bound. 

Sailmaking. 

THE ART AND SCIENCE OF SAILMAKING, By Samubl 
B. Sadler, Practical Sailmaker, late in the employment of Messrs. Ratsey 
and Lapthorne, of Cowes and Gosport. With Plates and other Illustrations. 
Small 4to, 135. 6d. cloth. 



*' This work is very ably written, and is iuustrated by diagrams and carefully- worked calcula* 
tions. The work should be in the hands of every sailmaker, whether employer or employed, as it 
cannot fail to assist them in the pursuit of their important avocations."— Tx^ of IVifrfit Herald. 

** This extremely practical work gives a complete education in all the branches of the manu< 
facture cutting out, roping, seaming, and goring. It is copiously illustrated, and will form a first- 
rate text •book and vuiae."— Portsmouth Times. 

" The author of this work has rendered a distinct service to all interested in the art of sail, 
making. The subject of which he treate is a congenial one. Mr. Sadler is a practical sailmaker 
and lutf devoted years of careful observation and study to the subject ; and the result; of the 
experience thus gained he has set forth in the volume befqre }iS."^Steamsh^. 

Chain Cables. 

CHAIN CABLES AND CHAINS. Comprising Sizes and 
Curves of Links, Studs, &c., Iron for Cables and Chains, Chain Cable and 
Chain Making, Forming and Welding Links, Strength of Cables and Chains, 
Certificates for Cables, Marking Cables, Prices of Chain Cables and Chains, 
Historical Notes, Acts of Parliament, Statutory Tests, Charges for Testins, 
List of Manufacturers of Cables, &c. &c. Bv Thomas W. Traill, P.E.R. n7, 
M. Inst. C.E., Engineer Surveyor in Chief, Board of Trade, Inspector of 
Chain Cable and Anchor Proving Establishments, and General Superin- 
tendent, Lloyd's Committee on Proving Establismnents. With ntmieroua 
Tables, Illustrations and Lithographic Drawings. Folio, £t %s. clotb. 
" It contains a vast amount of valuable Information. Nothing seems to be wananc to aaka it 
a complete and standard work of reterenct on the sui^ecf-^MMlto/ MmtmHtte, 
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MINING AND METAL LURGY, 

Mining Machinery. 

MACHINERY FOR METALLIFEROUS MINES: A Practical 
Treatise for Micdoe Engineers, Metallurgists, and Managers of Mines. By 
B. Hbnry Davibs, M.B., F.G.S. Crown 8vo, 580 pp., with upwards of 300 
Illustrations, 125. 6^. cloth. ^i*st published, 

" Mr. Davies, in this handsome volume, has done the advanced student and the managrer of 
mfaies good service. Almost every kind of machinery in actual use is carefully described, and the 
woodcuts and plates are good." — Athenuum. 

" From cover to cover the work exhibits all the same characteristics which excite the confi* 
dence and attract the attention of the student as he peruses the first paee. The work may salely 
be recommended. By its publication the Uterature connected with the mdustry will be enriched, 
and the reputation of its author enh.inced."— jl/i«tM^ yournal. 

" Mr. Davies has endeavoured to bring before his readers the best of everything In modem 
mining appliances. His wurk carries internal evidence of the author's impartiality, and this con- 
stitutes o.te of the great merits of the book. Throui^hout his work the criticisms are ba!>ed on his 
own or other reliable experience.' —Iron and Steel Trades' Journal. 

" The work deals with nearly every class of machinery or apparatus likely to be met with or 
required in connection with metalliferous mining, and is one which we have every confidence in 
recommending." — Practical hngineer. 

MetaUiferaus Minerals and Mining. 

A TREATISE ON METALLIFEROUS MINERALS AND 
MINING. By D. C. Davibs, F.G.S., Mining Engineer, &c.. Author of "A 
Treatise on Slate and Slate Quarrying." Fifth Edition, thoroughly Revised 
and much Enlarged, by his Son, E. Hbnry Davibs, M.E., F.G.S. With about 
ISO Illustrations. Crown 8vo, 12s. 6d, cloth. 

"Neither the practical miner nor the general reader interested in mines cmnhave a better book 
for hb companion and his guide."— il/«M*>u' yournal. IMining fVerU, 

" We are doing our readers a service in calling their attention to this valuable work." 
" A book that will uot only be useful to the geologist, the practical miner, and the metallurgist 
but also very interesting to the general public."— /r<?n. 

" As a history of the present state of mining throughout the world this t>oolc has a real value 
and it supplies an actual ynDk."—Atke»unt9H. 

Earthy Minerals and Mining. 

A TREATISE ON EARTHY &* OTHER MINERALS AND 
MINING. Bv D. C. Davibs, F.G.S., Author of " Metalliferous Minerals," 
&c. Third Edition, revised and Enlarged, by his Son, E. Henry DmiES 
M.E., F.G.S. With about 100 lUustrationp. Crown 8vo, i«. 6d. cloth. 
" We do not remember to have met with any English work on mining matters that 
tlie same amount of information packed in equally convenient form.''-~Acaae*Hy. 

We should be inclined to rank it as among the very best of the handy technical and trades 
" which fa ... ~ .... -^ ..... 



h have recently appeared."— .Af-iMiA Quarterly Review. 

MetaUiferotis Mining in the United Kingdom. 

BRITISH MINING : A Treatise on the History, Discovery, Practical 
Development, and Future Prospects of Metalliferous Mines in the United King* 
dom. By Robbrt Hunt. F.R.S., Editor of "Ure's Dictionary of Arts, 
Manufactures, and Mines," &c. Upwards of 950 pp., with 330 Illustrations. 
Second Edition. Revised. Super-royal 8vo, £2 2s. cloth. 

*' One of the most vahiable works of reference of modem times. Mr. Hunt, as Keeper of Mtadng 
Records of the United Kingdom, has had opportunities for such a task not enjoyed by anyone else 
and has evidently made the most ot them. . . . The language and style adopted are good, and 
Uie treatment of the various subjects laborious, conscientious, and scieati&c."—.En£rineerinjr. 

"The t>ook is, in fact, a treasure-house of statistical information on mining subjects, and we 
know of no other work embodying so great a mass of matter of this kind. Were this the only 
merit of Mr. Hunt s volume, it would be sufficient to render it indispensable in the library of 
everyone interested in the developoient of the mining and metallurgical industries of this country. 
—Athenaum. 

" A massof Information not elsewhere available, and of the greatest value to those who may 
be Interested in our great mineral mdusuies."— Engineer, 

Undergrov/nd Bumping Machinery. 

MINE DRAINAGE. Being a Complete and Practical Treatise 
on Direct-Acting Underground Steam Pumping Machinery, with a Descrip- 
tion of a large number of the best known Engines, their General Utility and 
the Special Sphere of their Action, the Mode of their Application, and 
their merits compared with other forms of Pumping Machinery. By Stbphbn 
MiCHBLL. 8vo, 15s. cloth. 
"Will be highly esteemed by cotBery owners and l es se e^ mining engineers, and students 

enerally who require to be acquamted with the best means of securing the drainage of mines. It 
a most valuable woric. and stuids ahnoct alone in the l i terat u r e of steam pumping machinery."— 
Cotliery Guardian, 

'Much valuable Information Is gtren, so that the book b thoroughly worthy of an extensive 
circulation amongst practical men and purchasers of machinery."— Jfi^te^ ^oumoL 
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Prospecting for Gold and other Metals. 

THE PROSPECTOR'S HANDBOOK: A Guide for the Pro- 
spector and Traveller in Search of Metal-Bearing or other Valuable Minerals. 
By J. W. Anderson, M.A. (Camb.), F.R.G.S., Author of "Fiji and New 
Caledonia." Sixth Edition, thoroughly Revised and much Enlarged. Small 
crown 8vo, 3s. 6i. cloth ; or, 45. 6d. leather, pocket-book form, with tuck. 

iJust published. 
"Will supply a much felt want, espedaDy among: Colonists, In whose way are so otten thrown 
many mineralosfical specimens the value of which it is difficult to determine. —Unjiineer. 

"How to find commercial minerals, and how to identify them when they are found, are the 
toadinsf points to which attention is directed. The author has manag^ed to pack as much practical 
dataillnto his pages as would supply material for a book three times its sixit."—Mini$tg youmal. 

Mining Notes and Formulce. 

NOTES AND FORMULAE FOR MINING STUDENTS. By 

IOHN Herman Mbrivalb, M.A., Certificated Colliery Manager, Professor of 
fining in the Durham College of Science, Newcastle-upon-Tyne. Third 
Edition, Revised and Enlarged. Small crown 8vo, 2S. 6d. cloth. 
" Invaluable to anyone who is worldng up for an examination an mining subjects."— '/r^M and 
Ctai Trades Rexnrw. 

" The author has done his work In an exceedingly creditable manner, and has produced a book 
Oat will be of service to students, and those who are practically engaged in mining operations."— 
Bneinetr. 

Handyhook for Miners* 

THE MINER'S HANDBOOK : A Handy Book of Reference on 
the Subjects of Mineral Deposits, Mining Operations. Ore Dressing, &c. 
For the Use of Students and others interested in Mining matters. Compiled 
by John Milne, F.R.S., Prolessor of Mining in the Imperial University of 
Japan. Revised Edition. Fcap. 8vo, 75. 6d. leather. ijust published. 

" Professor Milne's handbook is sure to be received with favour by all connected with mininjjf, 
and will be extremely popular among students."— ^iJtenaum. 

Miners' and Metallurgists' JPocket^Book. 

A POCKET-BOOK FOR MINERS AND METALLURGISTS. 

Comprising Rules, Formulae, Tables, and Notes, for Use in Field and Office 

Work. By F. Danvers Power, F.G.S., M.E, Fcap. 8vo, 9s. leather. 

" This excellent book is an admirable example of its kind, and ought to find a large sale 
amongst English-speaking prospectors and mining engineers." — Etintteeritig^. 

" A useful vaae-mtcum. containing a mass of rules, formulae, tables, and various other informa- 
tion, necessary for daily eference."— /n>». 

Mineral Surveying and Valuing. 

THE MINERAL SURVEYOR AND VALUER'S COMPLETE 
GUIDE t comprising a Treatise on Improved Mining Surveying and the Valua^ 
tion of Mining Properties, with New Traverse Tables. By Wm. Lintbrn. 
Third Edition. Enlarged. lamo, 4s. cloth. 
" A valuable and thorough)^ trustworthy guide."— />vm oftd Coal Trades Review, 

Asbestos and its Uses, 

ASBESTOS: Its Properties ^ Occurrence, and Uses, With some 
Account of the Mines of Italy and Canada. By Robert H. Jones. With 
Eight Collotype Plates and other Illustrations. Crown 8vo, las. 6d, cloth. 
-" An interesting and invaluable wor]c."— Colliery Guardian, 

Iron, Metallurgy of. 

METALLURGY OF IRON. Containing History of Iron Manu- 
facture, Methods of Assay, and Analyses of Iron Ores, Processes of Manu- 
facture of Iron and Steel. &c. By H. Bauerman, F.G.S., A.R.S.M. With 
numerous lUtistrations. Sixth Edition. Enlarged, tamo, 5s. 6d, cloth. 

" Carefully written, it has the merit of brevity and conciseness, as to less important points ; 
while all material matters are very fully and thoroughly Entered into." — standard. 

Slate Quarrying^ dtc. 

SLATE AND SLATE QUARRYING, Scientific, Practical 
and Commercial. By D. C. Davies, F.G.S., Mining Engineer, &c. With 
numerous Illustrations and Folding Plates. Third Edition, i2mo, 3s. cloth. 
" One of the best and best-balanced treatises on a special subject that we have met with." — 
M'l^inetr. 
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Colliery Management. 

THE COLLIERY MANAGER'S HANDBOOK: A Compre- 
hensive Treatise on the Laying^ut and Working of Collieries, Desisped as 
a Book of Reference for Colliery Managers, and for the Use of Coal-Mining 
Students preparing for First-class Certificates. By Calbb Pambly, Mining 
Engineer and Surveyor; Member of the North of England Institute of 
Minine and Mechanical Engineers ; and Member of the South Wales Insti- 
tute of Mining Engineers. With nearly 700 Plans, Diagrams, and other 
Illustrations. Third Edition, Revised and Enlarged. Medium 8vo. about 
9x> pages. Price £1 51. stronglv bound. [J^^^ published. 

Summary op Contents, 

The Priestman Oil Engine ; Petro- 



Geoloot. — Search for Coal.— 
Mineral Leases and other Hold- 
ings.— Shaft Sinking.— Fitting Up 
THE Shaft and Surface Arrange- 
MENTs.— Steam Boilers and their 
Fittings.— Timbering and Walling. 
— Narrow Work and Methods of 
Working. — Underground Convey- 
ancs. — Drainage. — The Gases met 
with in Mines; Ventilation. — On 
THE Friction op Air in Mines.— 



LEUM AND Natural Gas -Surveying 
AND Planning.— Lighting ; Safety 
Lamps and Fire Damp Detectors.— 
Sundry and Incidental Operations 
AND Appliances.— Colliery Explo- 
sions. — Miscellaneous Questions 
AND Answers. 

Appendix: Summary of Report of 
H.M. Commissioners on Accidents 
IN Mines. 



"There can be 00 doubt that it is the best book on coal-mining."— J. T. ROBSON, Esq., f/.M.'s 
Inspector 0/ Mines, South Wales District. 

" Mr. Pamely's work is eminently suited to the purpose for which it Is intended— being -clear, 
Interesting, exhaustive, rich in detail, and up to date, giving descriptions of the very latest 
machines in every department. ... A mining engineer could scarcely go wrong who followed 
this -wor^i."— Colliery Guardian. 

" This is the most complete ' all round ' work on coal-mining published in the English 
language. ... No library of coal-mining books is complete without xX."— Colliery Enginuv 
(Scranton, Pa., U.S.A.). 

" Mr. Pamely's work is in all respects worthy of our admiration. No person in any responsibli 
position connected with mines should be without a copy."— Westminster Review. 

Coal and Iron, 

THE COAL AND IRON INDUSTRIES OP THE UNITED 
KINGDOM. Comprising a Description of the Coal Fields, and of the 
Principal Seams of Coal, with Returns of their Produce and its Distribu- 
tion, and Analyses of Special Varieties. Also an Account of the occurrence 
of Iron Ores in Veins or Seams ; Analyses of each Variety ; and a History oi 
the Rise and Progress of Pig Iron Manufacture. By Richard Meade, Assistant 
Keeper of Mining Records. With Maps. 8vo, £1 Ss. cloth. 
" The book is oq« which must find a place on tha shelves of all Interested la coal and boa 
production, and in the iron, steel, and other metallurgical {nd\xstxioa."—Bti£iMeer. 

" Of this book we may unreservedly say that it is the best of Its class which we hare ever met. 
... A book of reference which no one eng^iged in the Iron or coal tmdet should omit from hli 
library "—Iron and CotU Trades Rtview. ' 

Coal Mining. 

COAL AND COAL MINING: A Rudimentary Treatise on. By 
the late Sir Warington W.SiIyth, M.A., F.R.S., Chief Inspector of the 
Mines of the Crown. Seventh Edition, Revised and Enlarged. With 
numerous Illustrations. i2mo, 4s. cloth boards. 
' As an outline is given of every known coal-field in this and other cotmtrles, as well as of the 

principal methods of working, the book wOl doubtlen Interest a rery large number of readers."— 

Mining yommoL 

Subterraneous Surveying. 

SUBTERRANEOUS SURVEYING, Elementary and Practical 
Treatise on, with and without the Magnetic Needle. By Thomas Fen wick 
Surveyor of Mines, and Thomas Baker, C.E. lUust. lamo, 3s. cloth boards. 

Granite Quarrying. 

GRANITES AND OUR GRANITE INDUSTRIES. By 
George F. Harris, F.G.S., Membre de la Soci6t6 Beige de G^ologie, Lec- 
turer on Economic Geology at the Birkbecic Institution, &c. With Illustra* 
tions. Crown 8vo, 2S. 64. cloth. 

" A clearly and well-written manual on the granite Industry." —Scotsman. 

" An interesting work, which will be deservedly esteemed."— C<»//i^ry Guardian. 

" An exceedingly interesting and valuable monograph on a subject which has hitherto received 
unaccountaUy little attention in the shape of systematic literary treatment."— .ScotfuA Leader, 
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Gold, Metallurgy of. 

THE METALLURGY OF GOLD : A Practical Treatise on the 
Metallurgical Treatment of Gold-bearing Ores. Including the Processes of 
Concentration, Chlorination and Extraction by Cyanide, and the Assaying, 
Melting, and Ketining of Gold. By M. Eissler, Mining Engineer and Metal- 
lurgical Chemist, form^rlv Assistant Assayer of the U.S. Mint, San Fran- 
cisco. Fourth Edition, Enlarged. With about 250 Illustrations and numerous 
Folding Plates and Working Drawings. 8vo, i6s. cloth ijust published. 
" This book thoroughly deserves Its title of a • Practical Treatise." The whole process of goto 
mffling, from the breaking of the quartz to the assay of the bullion, is described in clear and 
orderh; narrative and with much, but not too much, fuhiess of dexaiL"— Saturday Revtew. 

" The work is a storehouse of information and valuable data, and we strongly recommend It to 
all professional men engaged in the gold-mining ioAastaj."— Mining yourruu. 

Gold Extractiofii 

THE CYANIDE PROCESS OF GOLD EXTRACTION : and 
its Practical Application on the Witwatersrand Gold Fields in South Africa, 
by M. Eissler, M.E., Mem. Inst. Mining and Metallurgy, Author of "The _ 
Metallurgy of Gold," &c. With Diagrams and Working Drawings. Large 
crown 8vo, 7s. 6dL cloth. \Just published. 

" This book is just what was needed to acquaint minine men with the actual working of a pro- 
cess which is not only the most popular, but iS, as a general rule, the most successful for the extrac- 
tion of gold from tailings."— J/j«j«^ yournal. 

" The work will prove invaluable to all interested in gold mining, whether metallurgists or as 
investors." — Chemical News. 

Silver, Metallurgy of. 

THE METALLURGY OF SILVER : A Practical Treatise on 
the Amalgamation, Roasting, and Lixiviation of Silver Ores. Including the 
Assaying, Melting and Refining, of Silver Bullion. By M. Eissler, Author 
of ••The Metallurgy of Gold," &c. Third Edition, With 150 Illustrations. 
Crown 8vo, los. 6d. cloth. IJust published. 



" A practical treatise, and a technical work which we are convinced win supply a long-felt want 
amongst practical men, and at the same time be of value to students and others mduectly connected 
with the mdustries."— Afiwt^^ journal. 



" From first to last the b<x>k is thoroughly sound and reliable."— Co//«^r)' Guardian. 
" For chemists, practical mmers, assayers, and investors alike, we do not know of any wock 
on the subject so handy and yet so comprehensive."— (^Asx^^w Herald, 

Lead, Metallurgy of* 

THE METALLURGY OF ARGENTIFEROUS LEAD: A 
Practical Treatise on the Smelting of Silver-Lead Ores and the Refining of 
Lead Bullion. Including Reports on various Smelting Establishments and 
Descriptions of Modern Smelting Furnaces and Plants in Europe and 
America. By M. Eissler, M.E., Author of "The Metallurgy of Gold," &c. 
Crown 8vo, 400 pp., with 183 Illustrations, 125. 6d. cloth. 
•• The numerous metallurgical processes, which are fully and extensively treated of, embrace 

an the stages ex[>erienced in the passage of the lead from the various natural states to its issue 

from the refinery as an article of commerce."— Practical Engineer. 

" The present volume fully maintains the reputation of the author. Those who wish to obtain 

a thorough insight into the present state of this industry cannot do better than read this volume, 

and all mining engineers cannot fail to find many useful hints and suggestions in it."— Industries. 
" It is most carefully written and illustrated with capital drawings and diagrams. In fact, it is 

the work of an expert for experts, by whom it will be prized as an indispensable text*book." — 

Bristol Mercury. 

Iron Mining. 

THE IRON ORES OF GREAT BRITAIN AND IRELAND: 

Their Mode of Occurrence, Age, and Origin, and the Methods of Searching 

for and Working them, with a Notice ot some of the Iron Ores of Spain. 

By J. D. Kendall, F.G.S., Mining Engineer. Crown 8vo, i6s. cloth. 

" The author has a thorough practical knowledg'e of his subject, and has supplemented a care- 

ftil study of the available literature by unpublished information derived from his own observations. 

The result is a very useful volume which cannot fail to be of value to all interested in the iron 

industry of the country."— fndifstries. 

" iJLx. Kendall is a great authority on this subject and writes from personal observation.' — 
Colliery Guardian. 

" Mr. Kendall s book Is thoroughly well done. In it there are the outlines of the history of 
ore mining in every centre and there is everything that we want to know as to the character of the 
o m of each distnct, their commercial value and the cost of working them "—Iron and Steel 
Trades youmak 
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Dynamo Management. 

THE MANAGEMENT OF DYNAMOS: A Handybook of 
Theorjr and Practice for the Use of Mechanics, Engineers, Students and 
others in Charge of Dynamos. By G. W. Lummis Paterson. With nume- 
rous Illustrations. Crown 8vo, 35. 6d. cloth. [Just published. 
" An example which deserves to be taken as a model by other authors. The subject is treated 

in a manner which any intelligent man who is fit to be entrusted with charge of an engine should 

be able to understand. It is a useful book to all who make, tend or employ electric machinery." — 

Archriecf. 

"A most satisfactory book from a practical point of view. We strongly commend it to the 

attention of every electrical engineering student." — Daily Chronicle. 

Electrical Engineering. 

THE ELECTRICAL ENGINEER'S POCKET-BOOK OP 
MODERN RULES, FORMULM, TABLES. AND DATA, By H. R. 
Kbmpb, M.InstE.E., A.M.Inst.C.E., Technical Officer, Postal Telegraphs, 
Author of *'A Handbook of Electrical Testing," &c. Second Ediuon, 
thoroughly Revised, with Additions. Royal 32mo, oblong, 5s. leather. 
" There is T«y little in the shape of formulae or data which the electrldan Is likely to want 
In a hurry which cannot be found in lis pagts."— Practical Engineer. 

"A very useful book of reference for daily use in practical electrical engineering and Its 
various appGcations to the industries of the present day."— /yvM. 
" It is the best book of its \\ad."— Electrical En^tteer. 

"Well arranged and compact. The ' Electriou Engineer's Pocket>Bo(dc ' Is a good one."— 

BUarician. [Review. 

" Strongly recommended to those engaged In the yarious electrical industries."— JGi^^r^m/ 

Electric lAghting. 

ELECTRIC LIGHT FITTING : A Handbook for Working 
Electrical Engineers, embodying Practical Notes on Installation Manage* 
ment. By John W. Urquhart, Electrician, Author of " Electric Light," &c. 
With numerous Illustrations. Second Edition, Revised, with Additional 
Chapters. Crown 8vo, 5s. cloth. 

" This volume deals with what may be termed the mechanics of electric lighting, and b 
addressed to men who are already engaged in the work or are training for it. The work traverses 
a gre'it deal of ground, and may be read as a sequel to the same author's useful woric on * Electric 
Light' "—Electrician, 

" The book is well worth the perusal of the workmen for whom it b wAtten."-^Electrical 
Revtevf. 

" We have read this book with a good deal of pleasure. We believe that the book viU be of 
nse to practical workmen, who will not be alarmed by finding mathematical formulae which they 
are unable to understand."— £^c/rbra/ /*/((»/. 

Electric lAghU 

ELECTRIC LIGHT : Its Production and Use. Embodying Plain 



Directions for the Treatment of Dynamo-Electric Machines, Batteries, 
Accumulators, and Electric Lamps. By J. W. Urquhart, C.B., Author oi 
"Electric Light Fitting," " Electroplatiog," &c. Fifth Edition, carefully 



Revised.with Large Additions and 145 Illustrations. Crown 8vo, 75. 6d. cloth. 

" The whole ground of electric lighting is more or less covered and explained in a very deaf 
and concise manner."— Ele.trical Review. 

" Contains a good deal of very interesting Information, especially in the parts where the 
author gives dimensions and working costs."— Electrical Eng^eer. 

" A miniature vade'tnecMm. of the salient facts connected with the science of electric light* 
inf^."— Electrician. 

" You cannot have a better book than * Electric Light.' by Urquhart."- Engineer. 

" The book b by far the best that we have yet met with on the subject."— ^//«mFUM. 

Construction of Dynamos. • 

DYNAMO CONSTRUCTION: A Practical Handbook for the Use 
of Engineer Constructors and Electricians-in-Charge. Embracing Frame- 
work Building, Field Magnet and Armature Winding and Grouping, Com- 
poimding, &c. With Examples of leading English, American, and Conti- 
nental Dynamos and Motors. By J. W. Urquhart, Author of "Electric 
Light," •' Electric Light Fitting," &c. Second Edition, Revised and En- 
larged. With 114 Illustrations. Crown 8vo, ys. 6d. cloth. IJust published. 
•• Mr. Urquhart's book is the first one which deals with these matters In such a way that the 

engineering student can understand them. The book is very readable, and the author leads hb 

readers up to difficult subjects by reasonably simple tests."— Engineerings Review. 

" The author deals with his subject in a style so popular as to make his volume a handbook of 

great practical value to engineer constructors and electricians in charge."— Scotsman. 

" ' Djrnamo Construction ' more than sustains the high character of the author's prerlons 

publications. It b sure to be widely read by the large and rapidly-increasing number of practlca 

elMtricians."— GAm-,£vw Herald, 



•• The subject of ship electric lighting is one of vast importance in these days, and Mr. Urqu- 
hait is to be highly complimented for placing such a valuable w.ork at the service of the practical 
marine electrician." — The Steamship. 

* Distinctly a book which of its kind stands almost alone, and for which there should be a 
\"^EUct - 
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New Dictionary of Electricity. 

THE STANDARD ELECTRICAL DICTIONARY, A Popu- 
lar Dictionary of Words and Terms Used in the Practice of Electrical Engi- 
neering. Containing upwards of 3,000 Definitions. ByT.O'CoNNOR Sloane, 
A.M., Ph.D., Author of "The Arithmetic of Electricity," &c. Crown 8vo, 
630 pp., 350 Illustrations, 7s. 6d, cloth. IJust published, 

" The work has many attractive features in It, and is beyond doubt, a well put together and 
nseful publication. The amount of ground covered may be gathered from the fact that in the 
Index about 5,000 references will be found. The inclusion of such comparatively modem words 
as ' impedence,' 'reluctance,' &c., shows that the author has desired to be up to date, and indeed 
there are odier indications of carefulness of compilation. The work is one which does the authM 
great credit and it should prove of great value, e5pecially to' students."— Electrical Rezn€w. 
Very complete and contains a large amount of useful iafonaXion."— Industries. 
•• An encyclopaedia of electrical science in the compass of a dictionary. The information 
gtren is sound and clear. The book is well printed, well illustrated, and well up to date, and may 
be confidently recommended."— ^wiZti^r. 

" The volume is excellently printed and illustrated, and should form part of the library <rf 
every one who is connected with electrical matters."— /farrfwar* Trade journal. 

Electric Lighting of Ships. 

ELECTRIC SHIP.LIGHTING : A Handbook on the Practical 
Fitting and Running of Ship's Electrical Plant. For the Use of Shipowners 
and Builders, Marine Electricians, and Sea-going Engineers-in-Charge. By 
J. W, Urquhart, C.E. With 88 Illustrations. Crown 8vo, 7s. 6d. cloth. 
•• The subject of ship electric lighting is one of vast importance in these days, and Mr. Urqu- 
^, .... "^ • -ompUmented for I ' ' ... • ■ .-- ^ •--- -^ -« ..: 

-The Steamship. 
ok which of '■ ' ' 
Atxaand."— Electrical Review. 

Country House Electric Lighting. 

ELECTRIC LIGHT FOR COUNTRY HOUSES : A Practical 
Handbook on the Erection and Running of Small Installations, with par- 
ticulars of the Cost of Plant and Working. By J. H. Knight. Crown 8vo, 
IS. wrapper. ijust published. 

EHectrie Lighting, 

THE ELEMENTARY PRINCIPLES OF ELECTRIC LIGHT- 
JNG, By Alan A. Campbell Swinton. Associate I.E.E. Third Edition, 
Enlarged and Revised. With 16 Illustrations. Crown 8vo, is. 6d, cloth. 
"Anyone who desires a short and thoroughly clear exposition of the elementary prindirfes ol 
electric-lighting cannot do better than read this little work.' —BrattTord Otstrvtr, 

Dynamic Electricity. 

THE ELEMENTS OF DYNAMIC ELECTRICITY AND 
MAGNETISM. By Philip Atkinson, A.M., Ph.D., Author of "The Ele- 
ments of Electric Lighting," &c. Cr. 8vo, with xao Illustrations, xos. 6d. cl. 

Electric Motors, d:c. 

THE ELECTRIC TRANSFORMATION OF POWER and its 
Application by the Electric Motor, including Electric Railway Construction. 
By P. Atkinson, A.M., Ph.D., Author of " The Elements of Electric Light- 
ing," &c. With 96 Illustrations. Crown 8vo, ys. 6d. cloth. 

Dynamo Construction. 

HO WJO MAKE A D YNA MO : A Practical Treatise for Amateurs. 
Containing numerous Illustrations and Detailed Instructions for Construct- 
ing a Small Dynamo, to Produce the Electric Light. By Alfred Crofts. 
Fifth Edition, Revised and Enlarged. Crown 8vo, 2S. clotn. 
"The inftructions given m this unpretentious little book are sufficiently clear and explicit to 

enable any amateur mechanic possessed of average skill and the usual tools to be found in an 

amateur's workshop, to build a practical dynamo noLcHaxM."— Electrician. 

Text Book of Electricity. 

THE STUDENTS TEXT-BOOK OP ELECTRICITY, By 
Henry M. Noad, F.R.S. 630 pages, with 470 Illustrations. Cheaper Edition. 
Crown 8vo, gj. cloth. [Just published. 

Electricity. 

A MANUAL OP ELECTRICITY: Including Galvanism, Mag- 
netism, Dia^Magnetism, Electro-Dynamics, By Hbnrt M. Noad, Ph D., F.R.S. 
Fourth Edition (1839). 8vo, £1 4s. cloth. 
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Building Construction* 

PRACTICAL BUILDING CONSTRUCTION : A Handbook 
for Students Preparing for Examinations, and a Book of Reference for 
Persons Engaged in Building. By John P. Allen, Surveyor, Lecturer on 
Building Construction at the Durham College of Science, Newcastle. Medium 
8vo, 450 pages, with i.oco Illustrations. 125. 6d. cloth. [^list published. 

" This volume is one of the most complete expositions of building: construction we have seen. 
It contains all that is necessary to prepare students for the various examinations in building coD' 
struction."— 5«tWt>i:^ News. 

" The author depends nearly as much on his diagrams as on his type. The pages Suggest 
the hand of a man of experience In building operations— and the volume must be a blessing to 
many teachers as well as to students. '—The ArckiteU. 

" The work is sure to prove a formidable rival to great and small competitors alike, and bids 
fair to take a permanent place as a favourite students' text-book. The large number of illustra- 
tions deserve particular mention for the great merit they possess for purposes of reference, in ex- 
actly corresponding to convenient scales. "—yoKr. Iftst. Brit. Archts. 

Masonry. 

PRACTICAL MASONRY : A Guide to the Art of Stone Cut- 
ting. Comprising the Construction, Setting-Out, and Working of Stairs, 
Circular Work, Arches, Niches, Domes, Pendentives, Vaults, Tracery Win- 
dows, &c. For the Use of Students, Masons and other Workmen. By 
William R. Purchase, Building Inspector to the Town of Hove. Royal 
8vo, 134 pages, including 50 Lithographic Plates (about 400 separate Dia- 
grams), 7s. 6d. cloth. [J'tst published. 
•• The illustrations are well thought out and clear. The volume places within reach of the pro- 
fessional mason many useful data for solving the problems which present themselves day by day.' 
—G/asg-oiv Herald. 

The New Builder^s Price Book. 1896. 

LOCK WOOD'S BUILDER'S PRICE BOOK FOR 1896. A 

Comprehensive Handbook of the Latest Prices and Data for Builders, 

Architects, Engineers, and Contractors. By Francis T. W. Miller. 800 

closely-printed pages, crown 8vo, 4s. cloth. 

" This book is a very useful one, and should find a place In every English office connected with 
the building and engineering professions."— /«rfj/j/rtw. 

*' An excellent book of reference."— Architect. 

" In its new and revised form this Price Book Is what a work of this khid should be— compre* 
tiensive, reliable, well arranged, legible, and well bound."— ^rt/if/t Architect. 

New London Building Act^ 1804. 

THE LONDON BUILDING ACT, 1894; with the By-Laws 
and Regulation^ of the London County Council, and Introduction, Notes, 
Cases and Index. By Alex. J. David, B.A., LL.M. of the Inner Temple, 
Barrister- at-Law. Crown Svo, 35. td. cloth. [J*ist published. 

•• To all architects and district surveyors and builders, Mr. David's manual will be welcome."— 

BuildUiff News. 

" The volume will doubtless be eagerly consulted by the building fraternity."— /llustra/ed 

Carpenter and Builder. 

CONCRETE: ITS NATURE AND USES. A Book for 

Architects, Builders, Contractors, and Clerks of Works. By George L. 

SuTCLiFFE, A.R.I. B.A. Crown Svo, 7s, 6d. cloth. [Just published. 

" The author treats a difficult subject in a lucid manner. The manual fills a long-felt gap. It 
careful and exhaustive ; equally useful as a student's guide and a architect's book of reference." 
— yourual 0/ Royal Institution of British Architects. 

" There is room for this new book, which will probably be for some time the standard work on 
the subject for a builder's purpose."— Glass'ow Herald. 

" A thoroughly useful and comprehensive ytork."— British Architect. 

Mechanics for Architects. 

THE MECHANICS OF ARCHITECTURE : A Treatise on 
Applied Mechanics, especially Adapted to the Use of Architects. By E. W. 
Tarn, M.A., Author of " The Science of Building," &c. Second Edition, 
Enlarged, lUust. with 125 Diagrams. Cr. Svo, 7s. 6d. cloth. IJust published, 
" The book is a very useful and helpful manual of architectural mechanics, and really contains 
sufficient to enable a careful and painstaking student to grasp the principles bearing upon the ma- 
jority of building problems. . . . Mr. Tarn has added, by this volume, to the debt of gratitude 
which is owing to him by architectural students for the many valuable works which he has pro- 
duced for their use."— rA^ Builder. 

" The mechanics in the volume are really mechanics, and are harmoniously wrought in with 
the distinctive professional manner proper to the subject. —The Schoolmaster. 
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Designing Buildings. 

THE DESIGN OF BUILDINGS: Being Elementary Notes 
on the Planning, Sanitation and Ornamentive Formation of Structures, based 
on Modern Practice. Illustrated with Nine Folding Plates. By W. Wood- 
ley, Assistant Master, Metropolitan Drawing Classes, &c. 8vo, 6s. cloth. 

Sir Wtn. Chambers^s Treatise on Civil Architectwre, 

THE DECORATIVE PART OF CIVIL ARCHITECTURE. 
By Sir William Chambers, F.R.S. With Portrait, Illustrations, Notes, and 
an Examination of Grecian Architecture, by Joseph Gwilt, F.S.A. Revised 
and Edited by W. H. Leeds. 66 Plates, 4to, azs. cloth. 

ViUa Architecture. 

A HANDY BOOK OP VILLA ARCHITECTURE: Being a 
Series of Designs for Villa Residences in various Styles, With Ou&ne 
Specifications and Estimates. By C. Wickbs, Architect, Author of "The 
Spires and Towers of England," &c. 6i Plates, 4to, £i iis. 6d. half-morocco. 
** The whole of the designs bear evidence of their being the work of an artistic architect, and 
tbey will prove very valuable and suggestive"— £uildiM£r News, 

Text^Book for Architects* 

THE ARCHITECT'S GUIDE: Being a Text-Booh of Useful 
Information for Architects, Engineers, Surveyors, Contractors, Clerks of 
Works, &c. By F. Rogers. Third Edition. Crown 8vo, 3s. 6d. cloth. 
" As a text-book of osefiil Information for architects, engineers, surveyors. Sec, it woukl be 
iuurd to find a handier or more complete little volume."-^StoM4ton<. 

Linear Perspective, 

ARCHITECTURAL PERSPECTIVE : The whole Course and 
Operations of the Draughtsman in Drawing a Large House in Linear Per- 
spective. Illustrated by 43 Folding Plates. By F. O. Ferguson. Second 
Edition, Enlarged. 8vo, 3s. 6d. boards. [Just published. 

" It is the most intelligible of the treatises on this ill-treated subject that I nave met with."— 
E. Ingress Bell, Esq., in the R.i.B.A. youmal. 

Architectural Drawing, 

PRACTICAL RULES ON DRA WING, for the Operative Builder 
and Young Student in Architecture, By G. Pynb. 14 Plates, 4to, 7S. 6d., bds. 

Vitruvius* Architecture, 

THE ARCHITECTURE of MARCUS VITRUVIUS POLLIO. 
Translated by Joseph Gwilt, F.S.A., F.R.A.S. New Edition, Revised by 
the Translator, With 23 Plates, Fcap. 8vo, 55. cloth. 

Designing, Measuring, and Valuing. 

THE STUDENTS GUIDE to the PRACTICE of MEASUR- 
ING AND VALUING ARTIFICERS' WORK. Containing Directions for 
taking Dimensions, Abstracting the same, and tsringing the Quantities into 
Bill, with Tables of Constants for Valuation of Labour, and for the Calcula- 
tion of Areas and Soliditiesi Originally edited by Edward Dobson, Architect. 
With Additions by B. Wyndham Tarn, M.A. Sixth Edition. With 8 Plates 
and 63 Woodcuts. Crown 8vo, 75. 6d. cloth. 
" This edition will be found the most complete treatise on the principles of measuring and 
•alninfir artificers' work that has yet been published."— if wt/i/^nf AVaur. 

Pocket Estimator and Technical Guide. 

THE POCKET TECHNICAL GUIDE, MEASURER, AND 
ESTIMATOR FOR BUILDERS AND SURVEYORS, Containing Tech- 
nical Directions for Measuring Work in all the Building Trades, Complete 
Specifications for Houses, Roads, and Drains, and an easy Method of Estimat- 
ing the parts cf a Building collectively. By A. C. Beaton. Seventh £dit« 
Waistcoat-pocket size, is. 6d. leather, gilt edges. 
" No builder, architect, surveyor, or valuer should be without his ' Beaton.' "—Buildings News, 

Donaldson on Specifications. 

THE HANDBOOK OF SPECIFICATIONS: or, Practical 
Guide to the Architect, Engineer, Surveyor, and Builder, in drawing up 
Specifications and Contracts for Works and Constructions. Illustrated by 
Precedents of Buildings actually executed by eminent Architects and En- 

g'neers. By Professor T. L. Donaldson, P.R.i.B.A., &c. New Edition, 
ro. with upwards of i.ooo pages of Text, and 33 Plates. £1 iis. 64. cloth. 
" Valuable as a record, and more valuable still as a book of precedents. . . . Suffice It to 
say that Donaldson's ' Handbook of Specifications ' must be bought by all architects."— ^M^Mrr. 
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Bartholomew and Rogers^ Specifications. 

SPECIFICATIONS FOR PRACTICAL ARCHITECTURE. 
A Gnide to the Architect, Engiceer, Sarvej^or, and Buildei. With an Essay 
on the Structure and Science of Modem Buildings. Upon the Basis of the 
Work by Alfred Bartholomew, thoroughly Revised, Corrected, and ereatlv 
added to by Frederick Rogers, Architect. Third Edition, Revised, with 
Additions. With numerous Illustrations. Medium 8vo, 15s. cloth. 
" The coDecdon of spcdficatioiis prepared by Mr. Roeers on the basis of Bartholomew's work 

is too well known to need any reconunendation from us. It is one of the l>ooks with which evevj 

jrouns architect must be equipped."--^r<Afttecr. 

Souse Building and Repairing. 

THE HOUSE-OWNER'S ESTIMATOR \ or, What will it Cost 
to Build, Alter, or Repair? A Price Book for Unprofessional People, as 
well as the Architectural Surveyor and Builder. By J. D. Simon. Edited by F. 
T. W. Miller, A.R.I.B.A. Fourth Edition. Crown 8vo, 3s. W. cloth. 
" In two years it will repay its cost a nundred times arvt,"— Field. 

Constrtu^tion, 

THE SCIENCE OP BUILDING : An Elementary Treatise on 
the Principles of Construction. By E. Wyndham Tarn, M.A., Architect. 
Third Edition, Revised and Enlarged. With 59 Engravings. Fcap. 8vo, 4s. cl. 
A very TaluaUe book, which we strongly recommend to all students."— ^Mi^tf^. 

Building ; Civil and Ecclesiastical. 

A BOOK ON BUILDING, Civil and Ecclesiastical, including 
Church Restoration ; with the Theory of Domes and the Great Pyramid, &c. 
By Sir Edmund Beckett, Bart., LL.D.,F.R.A.S. Fcap. 8vo, 5s. cloth, 
" A book which is always a m usi n g and nearly always Instructire.'*— 7Vm<x. 

House Building. 

DWELLING HOUSES, THE ERECTION OF. Illustrated 
by a Perspective View, Plans, Elevations and Sections of a Pair of Semi- 
Detachedi Villas, with the Specification, Quantities and Estimates. By S. 
H. Brooks, Architect. Seventh Edition, thoroughly Revised, izmo, 2S. 6d. 
cloth. \Ju5t published. 

Sanitary Houses^ etc. 

THE SANITARY ARRANGEMENT OP DWELLING- 
HOUSES: A Handbook for Householders and Owners of Houses. By A. 
J. Wallis-Tayler, A.M. Inst. C.E. With numerous Illustrations. Crown 
8vo, 2s. 6d. cloth. [Jwsf published. 

" This book will be largely read ; it will be of considerable service to the public. It is well 
arranged, easily read, and for the most part devoid of technical terms."— Lancet. 

Ventilation of Buildings. 

VENTILATION. A Text Book to the Practice of the Art cj 
Ventilating Buildings. By W. P. Buchan, R.P. lamo, 4s. cloth. 
" Contains a great amount of useful practical information, as thoroughly interesting as it is 
technically reliable."— .ffnVirA Arckiuct. 

The Art of JPlutnbing. 

PLUMBING. A Text Book to the Practice of the Art or Craft of 
the Plumber, By William Paton Buchan, R.P, Sixth Edition. 4s. cloth, 
*• A text-book which may bo safely put in the hands of every young plumber. "-^^KtTrf^r. 

Geometry for the Architect, JEngineer, etc. 

PRACTICAL GEOMETRY, for the ArchiUct, Engineer, and 
Mechanic. Giving Rules for the Delineation and Application of various 
Geometrical Lines, Figures and Curves. By E. W. Tarn, M.A., Architect. 
8vo, 9s. cloth. 

" No book with the same objects hi view has ever been published in which the clearness of the 
rales laid down and the illustrative diagrams have been so sa t isfa ct ory."— >Sfla<:rma»t. 

Z7^ Science of Geometry. 

THE GEOMETRY OF COMPASSES; or, Problems Resolved 

Sv the mere Description of Circles, and the use of Coloured Diagrams and 
<ymbol$* By Olivbr Byrmr. Coloured Plates. Crown 8vo, 3$. 64. cloth. 



il8 CROSBY LOCKWOOD » SON'S CATALOGUE. 

CARP ENTRY, TIMBER , etc. 

Tredgold^s Carpentry , Revised <& Enlarged by Tarn. 

THE ELEMENTARY PRINCIPLES OF CARPENTRY, 
A Treatise on the Pressure and Equilibrium of Timber Framing, the Resist- 
ance of Timber, and the Construction of Floors, Arches, Bridges, Roofs, 
Uniting Iron and Stone with Timber, &c. To which is added an Essay 
on the Nature and Properties of Timber, &c., with Descriptions of the kinds 
of Wood used in Building ; also numerous Tables of the Scantlings of Tim- 
ber for dififerent purposes, the Specific Gravities of Materials, &c. Bv Thomas 
Trsdgold, C.E. With an Appendix of Specimens of Various Roots of Iron 
and Stone, Illustiated. Seventh Edition, thoroughly revised and considerably 
enlarged by E. Wyndham Tarn, M.A., Author ot "The Science of Build- 
ing," &c. With 6i Plates, Portrait of the Author, and several Woodcuts. In 
One large Vol., 4to, pri^e £i 5s. cloth. 

" Ouf^bt to be in every architect's and every buDder*! Mbtvy."— Builder. 
"A work whose monumental excellence must commend it wherever skilful carpentry h coo* 

setnad. The author's principles are rather confirmed tlun Impaired by time. Tbe additionel 

plates are of great intrinsic Tahie."— ^Mt^^Msf News, 

Carpentry, 

CARPENTRY AND JOINERY, The Elementary Principles 
of Carpentry. Chiefly composed from the Standard Work of Thomas 
Tredgold, C.E. With Additions, and a Treatise on Joinery by E. W. 
Tarn, M.A. Fifth Edition, Revised and Extended. lamo, ^s.6d. cloth. 

*♦* Atlas of Thirty-five Plates to accompany and illustrate the foregoing 
book. With Descriptive Letterpress. 4to, 6s. cloth. 

•' These two volumes form a complete treasury of carpentry and joinery, and should be in the 
hands ot every carpenter and joiner in the empire."— /ro«. 

Woodworking Machinery. 

WOODWORKING MACHINERY : Its Rise, Progress, and 
Construction. With Hints on the Management of Saw Mills and the Economi- 
cal Conversion of Timber. Illustrated with Examples of Recent Designs by 
leading English, French, and American Engineers. By M. Powis Bax.b, 
A.M.Inst.C.E., M.I.M.E. Second Edition, Revised, with large Additions. 
Large crown 8vo, 440 pp., gs. cloth. [Just published, 

" Mr. Bale is evidently an expert on the subject and he has collected so much Information that 

the book is all<sufficient for builders and others engaged in the conversion of ttinbvi."— Architect. 
"The most comprehensive compendium of wood- working machinery we have teea. The 

author is a thorough master of his vxh^^ct."— Building Newe. 

SOM) Mills. 

SA W MILLS : Their Arrangement and Management, and the 
Economical Convei sion of Timber. (A Comp anion Volume to " Woodwork- 
ing Machinery.") By M. Powis Bale. Crown 8vo, los. 6d. cloth. 
" The ttdmtnistraticn of a large sawing estat>lishment is dlfcussed. and tiie subject examined 
f /om a financial standpoint. Hence the size, shape, order, and disposition of saw-mills and the 
like Are gone mto in detail, and the course of the timber is traced from its reception to its delivery 
In its converted state. We could not desire a mote complete or practical Xx9»a9t,"—B»ilder. 

Nicholson's Carpentry. 

THE CARPENTER'S NEW GUIDE ; or, Book of Lines for Car- 
penters ; comprising all the Elementarv Principles essential for acquiring a 
knowledge of Carpentry. Founded on the late Peter Nicholson's Standard 
Work. New Edition, Revised by A. Ashpitel, F.S.A. With Practical 
Rules on Drawing, by G. Pymb. With 74 Plates. 4to, £1 is. cloth. 

Circular Work, 

CIRCULAR WORK IN CARPENTRY AND JOINERY: A 
Practical Treatise on Circular Work of Single and Double Curvature. By 
George Collinos. With Diagrams. Second Edit. lamo, 2S. 6d. cloth limp. 
*' An excellent example of what a book of this kind should be. Cheap In price, clear in definl- 
rion and practical in the examples selected. "—£M«/<^r. 

Handrailing. 

HANDRAILING COMPLETE IN EIGHT LESSONS. On 
the Square-Cut System. By J. S. Goldthorp, Teacher of Geometry and 
Building Construction at the Halifax Mechanic's Institute. With Eight 
Plates and over 150 Practical Exercises. 410, 3s. td. cloth. 

" Likely to be of considerable value to joiners and others who take a pride In good work 
we heartiiv commend it to teachers and students."— rtm^^r Trades Journal. 
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Hcmdrailing and Stairbuilding. 

A PRACTICAL TREATISE ON HANDRAILING : Showing 
New and Simple Methods ior Finding the Pitch of the Plank, Drawing the 
Moulds, Bevelling, Jointing-up, and Squaring the Wreath. By Gborok 
CoLLiNGS. Second Edition, Revised and Enlarged, to which is added A 
Treatise on Stairbuilding. ismo, as. 6d. cloth limp. 

•• Will be found ofpractlcal utility In the execution of this difficult branch of Joinery."— ^««rf*r. 
" Almost every dimcult phase of this somewhat intricate branch of joinery is ducidated by tha 
aid of plates and explanatory letterpress."~FMrMt/wr« GtutUe, 

Timber Merchant's Companion* 

THE TIMBER MERCHANTS AND BUILDER'S COM- 
PANION. Containing New and Copious Tables of tho Reduced Weight and 
Measurement of Deals and Battens, of all sizes, from One to a Thousand 
Pieces, and the relative Price that each size bears per Lineal Foot to any 
given Price per Petersburg Standard Hundred ; the Price per Cube Foot of 
Square Timber to any given Price per Load of 50 Feet ; the proportionate 
Value of Deals and Battens bv the Standard, to Square Timber by the Load 
oi 50 Feet ; the readiest mode of ascertaining the Price of Scantling per 
Lineal Foot of any size, to an^ given Figure per Cube Foot, &c. &c. By 
William Dowsing. Fourth Edition, Revised and Corrected. Cr. 8vo, 3s. cl. 
" Everything: is as concise and clear as it can possibly be made. There can be no doubt that 

•▼ery timber merchant and builder oueht to possess \t."—HuU Advertiser. 

" We are glad to see a fourth edition of these admirable tables, which for correctness and 

dmplidty of arrangement leave nothing to be desired."— Ti^wiirr Trades journal. 

Practical TimJ>er Merchant. 

THE PRACTICAL TIMBER MERCHANT. Being a Guide 
for the use of Building Contractors, Surveyors, Builders, &c., comprising 
useful Tables for all purposes connected with the Timber Trade, Marks of 
Wood, Essay on the Strength of Timber, Remarks on the Growth of Timber, 
&c. By W. Richardson. Second Edition. Fcap. 8vo, 3s. 6d. cloth. 
"This handy manual contains much valuable information for the use of timber merchants, 

builders, foresters, and all others connected with the growth, sale, and manufacture of timber."— 

youmal of Forestry, 

Packing-case Makers^ Tables for. 

PACKING-CASE TABLES; showing the number of Super- 
ficial Feet in Boxes or Packing-Cases, from six inches square and upwards. 
By W. Richardson, Timber Broker. Third Edition. Oblong 4to, 3s. 6d. d. 

" Invaluable labour-saving taLhles."—rronmoHeer, 
"Will save much labour and calculation."- 



Superficial Measurement. 

THE TRADESMAN'S GUIDE TO SUPERFICIAL MEA- 
SUREMENT. Tables calculated from z to 300 inches in len^h, by x to 108 
inches in breadth. For the use of Architects, Surveyors, Engineers, Timber 
Merchants, Builders* Sec- By Jambs Hawkinqs. Fourth Edition. Fcap., 
3S. 6d. cloth. 



" A useful collection of tables to facilitate rapid calculation of surfiaces. The exact area of any 

*_l:-i. ..!.- «_!..-•. — • -srtained c — *-- '—--'■'-- -•-' — -* '^•-- * — • ••• •-- 

tin 
f great as! 
fidal measurement."— ^MSf'/irA MethaHic, 



forfiace of which the limits have been ascertained can be instantly determined. The book will b« 
found^the greatest utility to all engaged in building opcnxions."— Scotsman. 

all who I 



been ascert 
U engaged ii 
" These tables will be found of ereat assistance to all who require to make calculations In super 



Forestry. 

THE ELEMENTS OF FORESTRY. Designed to aflford In- 
formation concerning the Planting and Care of Forest Trees for Ornament or 
Profit, with Suggestions upon the Creation and Care of Woodlands. By F. B. 
HouoH. Large crown 8vo, los. cloth. 

Timber Importer's Chiide. 

THE TIMBER IMPORTER 'S. TIMBER MERCHANT'S, AND 
BUILDER'S STANDARD GUIDE. By Richard E. Grandt. Compris- 
ing an Analysis of Deal Standards, Home and Foreign, with Comparative 
Values and Tabular Arrangements for fixing Net Landed Cost on Baltic 
and North American Deals, including all intermediate Expenses, Freight 
Insurance, &c. &c. Together with copious Information for the Retailer and 
Builder. Third Edition, Revised. lamo, as. cloth limp. 
" Everjrthing it pretends to be : built up gradually, it leads one from a forest to a treenail and 

throws in, as a makeweight; a host of matoriu concerning bricks, columns, dstems, Sec' —English 

Mechanic. 
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DECORATIVE ARTS, eto. 



Woods and Marbles (Imitation of), 

SCHOOL OF PAINTING FOR THE IMITATION OF WOODS 
AND MARBLES, as Taught and Practised by A. R. Van dbk Burg and P. 
Van dbr Burg, Directors of the Rotterdam Painting Institution. Royal folio, 
i8i by 12^ in., Illustrated with 24 full-size Coloured Plates; also la plain 
Plates, comprising 154 Figures. Second and Cheaper Edition. Ftice £i zzs. 64. 

List 0/ Plates, 

I. Varloiu Tixris required fbrWood Painting 
— « «. Walnut: Preliminary Stages of Graining 
and Finished Specimen — 4. Tools used for 
Marble Painting and Methoo of Manipulation— 

6. St. Reml Marble: Earlier Operations and 
Finished Specimen — 7. Methods of Sketching 
different Grains, Knots, Ac.— 8, 9. Ash: Pre- 
liminary Staires and Finished Specimen — xo. 
Methods ofSketching Marble Grains— 11, xa. 
Breche Marble : Preliminary Stages of Working 
and Finished Specimen— 13. Maple: Methods 
of Producinsf the different Grains — 14, ic. Bird's* 



eye Maple: Preliminary Stages and Finished 
Specimen — x6. Methods of Sketching the dif- 
ferent Species of White Marble— 17. 18. White 
llarbte: PreUminary Stages of Process and 



FinishedSpedmen—xo. Mahogany: S. 
of various Grains and Methods of ManipulatioL 
—ao, ax. Mahogany: Earlier Stages and Finished 
Specimen— aa, a%, 34. Sienna MarUe: Varieties 
Of Grain, Prehminary Stages and Finished 
Specimen — as s6> a?* Juniper Wood : Methods 
or producing Grain. Sec. : Preliminary Stages 
and Finished Specimen — aS, tg, 30. Vert de 
Mer Marble: Varieties of Grain and Methods 
of Working Unfinished and Finished Sped* 



„ „. Oak: Varieties of Grain,! __ 
Employed, and Methods of Manipulation, Pre* 
limiiiary Stages and Finished Specimen — 34, «& 
*6. Waulsort Marble: Varieties of GtaliCua* 
finished ypd Finished " — * 



ferent Species of White Marble— 17. 18. White 
.... _ .. «. , Process —' 

" Those who desire to attain skill in the art of painting woods and marines will find advantaga 
in consulting this book. . . . Some of the Woriung Men's Qubs should give their young men 
the opportunity to study it."— Builder. 

" A comprehensive guide to the art. The explanations of tiie processes, the manlpi 
management of th< ' j- • ..»«.. . 

student who aims a 



iprehenslve guide to the art. The explanations of tb» processes, the manipulation and 
t of the colours, and the beautifully executed plates will not be the least valuable to tha 
> aims at making his woric a fiaithful transcript of nature."— J^Mitftn^ Ngws, 

House Decoration, 

ELEMENTARY DECORATION. A Guide to the Simpler 

Forms of Everyday Art. Together with PRACTICAL HOUSE DECORA- 
TION. By Tames W. Facsy. With numerous Illustrations. In One Vol., 
ss. strongly naif- bound 

Bouse JPaintingf Chraining, etc, 

HOUSE PAINTING, GRAINING, MARBLING, AND SIGN 
WRITING, A Practical Manual of. By Ellis A. Davidson. Sixth Bditior . 
With Coloured Plates and Wood Engravings, ismo, 6s. cloth boards. 
" A mass of information, of use to the amateur and of value to the practical man."— £^^.ifA 
tfeckanic. 

DecoratorSf Receipts for. 

THE DECORATOR'S ASSISTANT: A Modem Guide to De- 
corative Artists and Amateurs, Painters, Writers, Gilders, &c. Containing 
upwards of 600 Receipts, Rules and Instructions ; with a variety of Informa- 
tion for General Work connected with every Class of Interior and Exterior 
Decorations, &c. Sixth Edition. 152 pp., crown 8vo, is. in wrapper 
" Full of receipts of value to decorators, painters, gUders, &c. The book contains the gist off 

larger treatises on colour and technical processes. It would be difficult to meet with a woric so full 

of varied information on the paiatei'i axt." Suiidinj^Ntws, 

Moyr Smith on Interior Decoration. 

ORNAMENTAL INTERIORS, ANCIENT AND MODERN. 
By J. Moyr Smith. Super>royal 8vo, with 32 full-page Plates and nomerona 
smaller Illustrations, handsomely bound in cloth, gilt top, price 185. 
" The book Is weU Illustrated and handsomely got up, and contains some true criticism and a 
great many good examples of decorative treatment. —7*A< BuikUr, 
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British and Foreign Marbles. 

MARBLE DECORATION and the Terminology of British and 
Foreign Marbles, A Handbook for Students. By Gborqb H. Blaqrovb, 
Author of " Shoring and its Application," &c. With 38 Illustrations. Crown 
8vo, 3s. 6d. cloth. 

" This most useful and much wanted handbook should be In the hands of every architect and 
tia3Miet,"—BuiIdingr World. 

" A carefully and usefully written treatise ; the work is essentially "QXdxAcal^—Scotsman, 

Marble Working, etc. 

MARBLE AND MARBLE WORKERS: A Handbook for 
Architects, Artists, Masons, and Students. By Arthur Lee, Author of " A 
Visit to Carrara," •* The Working of Marble," &c. Small crown 8vo, 2s. cloth. 
" A really yaluatde addition to the technical literature of architects and vaasoia."— Building- 
Hews, 



DELAMOTTE'8 WORKS ON ILLUMINATION AND ALPHABETS. 

A PRIMER OP THE ART OP ILLUMINATION, for the Use of 
Beginners : with a Rudimentary Treatise on the Art, Practical Directions for 
its Exercise, and Examples taken from Illuminated MSS., printed in Gold and 
Colours. By F. Dslamottb. New and Cheaper Edition. Small 4to, 61. orna- 
mental boards. 
"The ezaxcples (rf ancient MSS. recommended to the student, ^rtilch, with mnch good aeam, 

the author chooses from collections accessible to all, are selected with iudementaiid knowledse, 

as well as tas^."^.AtkeriaufM, 

ORNAMENTAL ALPHABETS, Ancient and Mediaval, from the 
Eighth Century, with Numerals; including Gothic, Church-Text, large and 
small, German, Italian, Arabesque, Initials for Illumination, Monograms, 
Crosses, &c. &c., for the use of Architectural and En^neering Draughtsmen, 
Missal Painters, Masons, Decorative Painters, Lithographers, Engravers', 
Carvers, &c. &c. Collected and Engraved by F. Dblamottb, and printed in 
Colours. New and Cheaper Edition. Royal 8vo, oblong, as. 6d. ornamental 
boards. 
■ ' For those who Insert enamelled sentences round gilded chaHces, who blazon shop trends ores 

shop-doors, who letter church walls with pithy sentences from the Decalogueb this book will be nwt- 

EXAMPLES OP MODERN ALPHABETS, Plain and Ornamental; 
including German, Old English, Saxon, Italic, Perspective, Greek, Hebrew, 
Court Hand, En^ossing, Tuscan, Riband, Gothic, Rustic, and Arabesque: 
with several Original Designs, and an Analysis of the Roman and Old English 
Alphabets, large and small, and Numerals, for the use of Draughtsmen, Sur- 
veyors, Masons, Decorative Painters, Lithographers, Engravers, Carvers, &c. 
Collected and Engraved by F. Dblamottb, and printed in Colours. New' 
and Cheaper Edition. Royal 8vo, oblong, 2s. 6d. ornamental boards. 
"There Is comprised fai It erery possible shape into which the letters of the alphabet and 

numerals can be formed, and the talent which has fa«en expended in the conception olche various 

plain and ornamental letters is ironder(uL"—StaHdard. 

MEDIAEVAL ALPHABETS AND INITIALS FOR ILLUMU 
NATORS. By F. G. Dblamottb. Containing 21 Plates and Illuminated 
Title, printed in Gold and Colours. With an Introduction by T. Willis 
Brooks. Fourth and Cheaper Edition. Small 4to, 4s. ornamental boards. 
" A volume In which the letters of the alphabet come forth glorified in gilding and all the coloun 

of the prism interwoven and intertwined and intermingled."— Jwm. 

THE EMBROIDERER'S BOOK OP DESIGN, Containing 
Initials, Emblems, Cyphers, Monograms, Ornamental Borders, Ecclesiastical 
Devices, Mediaeval and Modem Alphabets, and National Emblems. Col- 
lected by F. Dblamottb, and printed in Colours. Oblong royal 8vo, is, 6d, 
ornamental wrapper. 
" The book will be of great assistance to ladles and jronng chfldren who are endowed with the 

art of plying the needle in this most ornamental and useful pretty work."— if ox/ Aftglian Timts, 



Wood Carving. 

INSTRUCTIONS IN WOOD-CARVING, for Amateurs; with 
Hints on Design. By A Lady. With Ten Plates. New and Cheaper Edition. 
Crown 8vo, as. in emblematic wrapper. 

" The handicraft of the wMod-carver, so well as a book can impart II; laay be leunt firom ' A 
Lady's' publication."— ^/A«mrMX». 
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The Heavens and their Origin. 

THE VISIBLE UNIVERSE: Chapters on the Origin and 

Construction of the Heavens. By J. E. Gore, F.R.A.S. Illustrated by 6 

Stellar Photographs and 12 Plates. 8vo, i6s. cloth. 

" A valuable and lucid summary of recent astronomical theory, rendered more valuable and 
attractive by a series of stellar photographs and other illustrations."— 7!*^ Tiitus. 

" In presenting a clear ayd concise account of the present state of our knowledge, Mr. Gore 
has made a valuable addition to the literature of the subject."— iVa/wr^. 

" As interesting as a novel, and instructive withal ; the text being made still more luminous by 
stellar photographs and other illustrations. ... A most valuable \Ma\c."— Mane h€sUr Examiner 

" One ofthe finest works on astronomical science that has recently appeared in our language. 
Leeds Mercury. 

The Constellations. 

STAR GROUPS: A Studenfs Guide to the Constellations. By 
J. Ellard Gore, F.R.A.S., M.R.I. A., &c., Author of " The Visible Universe," 
" The Scenery of the Heavens." With 30 Maps. Small 4to, 5s. cloth, silvered. 
" A knowledge of the principal constellations visible in our latitudes may be easily acquired 
from the thirty maps and accompanying text contained in this ■wotk."— Nature. 

" The volume contains thirty maps showing stars of the sixth magnitude— the usual naked-cy« 
limit -and each is accompanied by a brief commentary, adapted to facilitate recognition and bring 
to notice objects of special interest. For the purpose of a preliminary survey of the ' midnight pomp ' 
of the heavens, nothing could be better than a set of dehneations averaging scarcely twenty square 
inches in area, and including nothing that cannot at once be identified." — Saturday Review, 
" A very compact and handy guide to the conste\la.tions."—AthenceufH. 

Astronomical Terms. 

AN ASTRONOMICAL GLOSSARY; or, Dictionary of Terms 
used in Astronomy. With Tables of Data and Lists of Remarkable and 
Interesting Celestial Objects. By J. Ellard Gore, F.R.A.S., Author of 
" The Visible Universe," &c. Small crown 8vo, «. 6d. cloth. 

'• A very useful little work for beginners in astronomy, and not to be despised by more ad- 
vanced students." — The Times. 

" Astronomers of all kinds will be glad to have it for reference."— ^Kanf^KM. 

The Microscope, 

THE MICROSCOPE : Its Construction and Management, in- 
cluding Technique, Photo-micrography, and the Past and Future of the 
Microscope. By Dr. Henri van Heurck. Re-Edited and Augmented from 
the Fourth French Edition, and Translated by Wynne E. Baxter, F.G.S. 
400 pages, with upwards of 250 Woodcuts. Imp. 8vo, 18s. cloth. 

" A trcmslation of a well-known work, at,once popular and comprehensive."— 7«»««J. 

" The translation is as felicitious as it is accurate."— A^o/Mr^. 

The Tkticrosco'oe 

PHOTO-MICROGRAPHY. By Dr. H. van Heurck. Extracted 
from the above Work. Royal 8vo, with Illustrations, is. sewed. 

Astronomy. 

ASTRONOMY. By the late Rev. Robert Main, F.R.S. 
Third Edition, Revised, by Wm. T. Lynn, B.A., F.R.A.S., lamo, as. cloth. 
" A sound and simple treatise, and a capital book for b^:inners."— ATM^w/eor^r. 

Recent and Fossil Shells. 

A MANUAL OF THE MOLLUSCA : Being a TreaHse on Recent 
and Fossil Shells. By S. P. Woodward, A.L.Sr, F.G.S. With an Appendix 
on Recent and Fossil Conchological Discoveries, by Ralph Tate, A.L.S., 
F.G.S. With 23 Plates and upwards of 300 Woodcuts. Reprint of Fourth 
Edition, 1880. Crown 8vo, ys. 6d. cloth. 
" A most valuable storehouse of conchological and geological Information." — Science Gossi/. 

Geology and Genesis. 

THE TWIN RECORDS OP CREATION; or, Geology and 

Genesis : their Perfect Harmony and Wonderful Concord. By Gborgb W. 

Victor le Vaux. Fcap. 8vo, 5s. cloth. 

" A valuable contribution to the evidences of Revelation, and disposes very condushreiy of the 
argtunents of those who would set God's Works afifainst God s Word. No real difficulty is shirked , 
and no sophistry is left unexposed. —The Rod. 

Geology. 

RUDIMENTARY TREATISE ON GEOLOGY, PHYSICAL 
AND HISTORICAL. With especial reference to the British series of 
Rocks. By R. Tats, F.G.S. With 250 Illustrations, zamo, 5s. cloth boards. 
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DR. LARDNER*8 COURSE OF NATURAL PHILOSOPHY. 



HANDBOOK OP MECHANICS, Re-written and Enlarged by 
B. LoBWT, P.R.A.S. Post 8vo, 6s. cloth. 

"Mr. Loewy has careAUljr rerised Um book, and broufht tt iq> to modem foqukeaienti."— 
JVo/Mrr. 

HANDBOOK OP HYDROSTATICS <§- PNEUMATICS. Enlarged 

by B. LOBWY, F.R.A.S. Post 8vo, 5s. cloth. 

"For those 'who desire to attain an accurate knowledge of physical science without the pie* 
-found methods of mathematical investigation.' this work is wefl adapted."— CA^m^^iat/ Nnifs, 

HANDBOOK OP HEAT, Edited and almost entirely Re- written 

by Bbnjamin Lobwt, F.R.A.S., &c. Post 8vo, 6s. cloth. 

"The style is always dear and precise, and conveys Instruction without leaving any doudlnesi 
or lurking doubts bebmd."—En£iH€eHti£: 

HANDBOOK OP OPTICS. By Dr. Lardner. Edited by T. O. 
Harding, B.A. Post 8vo, 55. cloth. 

" Written by an able scientific writer and beautifiilly U\iistra.ted."—Afec/tani^s Mctg-ajtiHe. 

HANDBOOK OF ELECTRICITY AND MAGNBTISSf, By Dr. 
Lardner. Edited by G. C. Foster, B.A. Post 8vo, 5s. cloth. 
"The book could not have been entrusted to anyone better calculated to preserve the teise and 
lucid style of Lardner."— iV^M/er Scitnct Review, 

HANDBOOK OP ASTRONOMY, By Dr. Lardner. Fourth 
Edition by E. Dunkin, F.R.A.S. Post 8vo, 95. 6d. cloth. 
" Probably no other book contains the same amount of information in so compendious and weB- 

arranged a form— certainly none at the price at which this is offered to the public."— ^M<m«im». 
"We can do no other than pronounce this work a most valuable manual of astronomy, and we 

strongly recommend it to all who wish to acquire a general— but at the same time correct acqnslntii 

ance with this sublime sdvaoa."— Quarterly yourruU qf Science, 



DR. LARDNER'S MUSEUM OF SCIENCE AND ART, 



THE MUSEUM OP SCIENCE AND ART, Edited Dv 
Dr. Lardner. With upwards of i.aoo Engravings on Wood. In 6 Double 
Volumes, £1 is. in a new and elegant cloth binding ; or handsomely bound io 
half-morocco, 3xs. 6d. 
" A cheap and interesting publicatl<Mi, afike InfomUng and attractive. The papers comtal: e 

subjects of unportance and great scientific knowledge^ considerable inductive powen. and a 

popular style or treatment."— Jytacto/0r. 

The * Museum of Science and Art' Is the most vahiable contribution that has ever been 

made to the Scientific Instruction e< every class of society."— Sir David B&bwstbr, la the 

Itfprth British Review. 

%* Separate boohs formed from the above, fully Illustrated, suitable for 
Worhmen's Libraries, Science Classes, etc. 

Steam and its Uses* as. cloth. 
Popular Asironinny, 44.64.cloth. 
The Bee and White Ante. 2s.clcth 
The Electric Telegraph, is. 



Common Things explained, 55 
The Microscope, as. cloth. 
Popular Geology, as. 6d. cloth. 
Populfw Physios, as. 6d, cloth. 



I>r. Lardner's School Handbooks. 

NATURAL PHILOSOPHY FOR SCHOOLS, Fcap. 8vo, 35. td. 

" A very convenient class-book for Junior students in private schools."— .ffrMiA QuarUr(y 
Rtvi€w, 

ANIMAL PHYSIOLOGY FOR SCHOOLS. Fcap. 8vo, 35. 6d. 

"Clearly written, well arranged, and excellently illustrated."— (rtsnfemr'f Clu^mitk, 

THE ELECTRIC TELEGRAPH, By Dr. Lardnbr. Re- 

vised by B. B. Bright, F.R.A.S. Fcap. 8vo, as. 6d. cloth. 
" One of the most readaUe b^oks eatant on the Electric T^egnfh."—£ti£UsM Mechan.'c, 



34 CROSBY LOCKWOQD » SON'S CATALOGUE. 
OHEMIOAL MA NUFACTURES , OHEMISTBY, 

Chemistry for Engineers^ etc. 

ENGINEERING CHEMISTRY: A Practical Treatise for the 
Use of Analytical Chemists, Engineers. Iron Masters, Iron Fonnders, 
Stndents,vand others. Comprising Methods of Analysis and Valuation of the 
Principal Materials used in Engmeering Work, with numerous Analyses, 
Examples, and Suggestions. By H. Joshua Phillips, F.I.C, F.C.S. 
formerly Analytical and Consulting Chemist to the Great Bastem Railway. 
Second Edition, Revised and Enlarged. Crown 8vo, 400 pp., with Illustra- 
tions, xos. 6d. cloth. [Just published. 
•• In thtt work the author has rendered no small service to a numerous body of practical meiw 
, . . The analytical methods may be pronounced most satisfactory, being as accurate as tbe 
flair ntrh required of engineering chemists permits."— Chemica/ News. 

" The book will be very useful to those who require a handy and concise resunu of approved 
BMtbods of analysing and valuing metals, oils, fuels, &c. It is. In fact, a work for chemists, a guid» 
to the routine of the engineering laboratory. . . . The book is full of good things. AsabaiuL- 
book of technical analysis, it is very welcome."— fMt/(f<r. 

" The analytical methods given are. as a whole, such as are likely to give rapid and trust- 
worthy results in experienced hands. There is much excellent descriptive matter in the woric, the 
chapter on ' Oils and Lubrication ' being specially noticeable in this respect."— Engitutr. 

Explosives and Dangerous Goods, 

DANGERO US GOODS : Their Sources and Properties, Modes 
of Storage, and Transport. With Notes and Comments on Accidents aris- 
ing therefrom, together with the Government and Railway Classifications,. 
Acts of Parliament, &c. A Guide for the use of Government and Railway 
OfBcials, Steamship Owners, Insurance Compaoies and Manufacturers and 
users of Explosives and Dangerous Goods. By H. Joshua Phillips, F.I.C.,. 
F.C.S., Author of "Engineering Chemistry, &c." Crown 8vo, 350 pp., 9S. 
cloth. IJust ready » 

Alkali Trade^ Manufacture of Sulphuric Acid, etc, 

A MAN4JAL OF THE ALKALI TRADE, including the 
Manufacture of Sulphuric Acid, Sulphate of Sloda, and Bleaching Powder. 
By John Lomas, Alkali Manufacturer, Newcastle-upon-Tyne and London. 
"1 333 Illustrations and Worlcing Drawings, and containing 390 pages ot 




approved fi 

lacture is very fully descriSed in this manusil.'and each improvement explained 

The Blotvpipe. 

THE BLOWPIPE IN CHEMISTRY, MINERALOGY, AND 
GEOLOGY, Containing all known Methods of Anhydrous Analysis, man j 
Working Examples, and Instructions for Making Apparatus. By Lieut.- 
Colonel W.A. Ross, R.A., F.G.S. With iso Illustrations. Second Edition, 
Revised and Enlarged. Crown 8vo, 5s. cloth. 

*'The student who goes through the course of experimentation here laid down wHl gala 
a better insight into inorganic chemistry and mineralogy than if he had 'got up' any of die bast 
tazt-books, and passed ahy number of examinations in their contents."— CA«M#M/iVirwx. 

Oafnfnercial Chemical Analysis. 

THE COMMERCIAL HANDBOOK OP CHEMICAL ANA- 
LYSIS; or. Practical Instructions for the determination of the Intrinsic or 
Commercial Value of Substances used in Manufactures, in Trades, and lo 
the Arts. By A. Normandy. New Edition, by H.M. Noad,F.R.S. Crown 
8vo, xas. 6d. cloth. 

•• We strongly recommend this book to our readers as a guide, alike indispensable to tL« 
houiewife as to the pliarmaceutical practitioner." — Medical Times. 

Dye^Wares and Colours. 

THE MANUAL OF COLOURS AND DYE-WARES : Their 

Properties, Applications, Valuations, Impurities, and Sophistications. For tbe 
use of Dyers. Printers, Drysalters, Brokers, &c. By J. W. Slatbr. Second 
Edition, Revised and greatly Enlarged. Crown 8vo, 7s. 6d. cloth- 
" A complete encyclopaedia of the materia ttnttoria. The information gkren respecting 
le is fUU and precise, and the methods of determining their value are given wtth deai 
are practical as wall as valuable."- Cfiemisi and Druffgist, 
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Modem Brewing and Malting, 

A HANDYBOOK FOR BREWERS: Being a Practical Guide 

to the Art of Brewing and Malting. Embracing tlie Conclusions of Modet* 

Research which bear upon the Practice of Brewing. By Herbert Edwards 

Wright, M.A. Crown 8vo, 530 pp., 125. 6d, cloth. 

" Mav be consulted with advantage b^ the student who is preparing^ himself for examinatkxnl 
tests. whOe the scientific brewer will find m it a resume of all the most important discoveries of 
modem times. The woric is written throughout in a clear and concise manner, and the author takec 
great care to discriminate between vague theories and well-established {act&."—Brervers' yoummL 

" We have great pleasure in recommending this handybook, and have no hesitation la 
laying that it is one of the best— if not the best— which has yet been written on the subject of 
beer-brewing in this country, and it should have a place on the shelves of every brewer's Ubntry.** 
—The Brewer** Guardian. 

"Although the requirements of the student are primarily considered, an acquaintance of haK- 
•n-hour's duration cannot fail to impress the practical brewer with the sense of having founds 
trustworthy guide and practical counsellor in brewery matters."— CA^mura/ Trade youmal. 

Analysis and Valuation of Fuels. 

FUELS: SOLID, LIQUID, AND GASEOUS, Their Analysi« 
and Valuation. For the Use of Chemists and Engineers. By H. J. Phillips, 
F.C.S., formerly Analytical and Consulting Chemist to the Great Eastecm 
Railway. Second Edition, Revised and Emareed. Crown 8vo, 5s. cloth. 

" Ought to have its place in the laboratory of every metallurgical establishment, and w h er e — 
fnd is used on a large scale." —CA*»ifca/ News. 

•• Camu>t fail to be of wide interest, especially at the preseot ^taat."^ Railv/ay News, 

Pigments. 

THE ARTIST'S MANUAL OF PIGMENTS. Showing 
their Composition, Conditions of Permanency, Non- Permanency, and AdiiU 
terations ; Efiects in Combination with Each Other and with Vehicles , and 
the most Reliable Tests of Puritv Together with the Science and Act 
Department's Examination Questions on Painting. By H. C. Standacx. 
Second Edition. Crown 8vo, 2s. 64. cloth. 

" This woik Is indeed mttitum-iH-/arvo, and we can, with good conscience, recommend It !• 
an who come in contact wtth pigments, whether as makers, dealers or users."— CA^m^a/ Review, 

Gauging. Tables and Mules for JBevenue OfficerSf 

Brewers, etc, 

A POCKET BOOK OF MENSURATION AND GAUGING : 
Containing Tables, Rules and Memoranda for Revenue Officers, Brewen, 
Spirit Merchants, &c. By J. B. Mant (Inland Revenue). Second Edition, 
Revised. x8mo, 4s. leather. 
** This handy and useful book Is adapted to the requlronents of the Inland Revenue 1 
■ent, and will be a favourite book of reference." — Crvilian. 

*' Should be in the hands of every practical brewer."— ^mtwrx' youmal. 



INDUSTRIAL ART S, TRADES, AND MANUFACTURES. 

Cotton Spinning. 

COTTON MANUFACTURE : A Manual of Practical Instnic 
tion in the Processes of Opening, Carding, Combing, Drawing, Doubling 
and Spinning of Cotton, the Methods of Dyeing, &c. For the Use of Opera- 
tives, Overlookers and Manufacturers. By John Lister, Technical In- 
structor, Pendleton. 8vo, 7s. 6d. clcth. {Just published, 

"This invaluable volume is a distinct advance in the literature of cotton manufacture."— 
Machinery. 

•♦ It is thoroughly reliable, fulfilling nearly all the requirements desired."— C/aJir^w Herald. 

£%aur Manufacture, Milling^ etc. 

FLOUR MANUFACTURE: A Treatise on Milling Science 

and Practice. Bv Friedrich Kick, Imperial Regierungsrath, Professor of 

Mechanical Technology in the Imperial German Polytechnic Institute, 

Prague. Translated from the Second Enlarged and Revised Edition with 

Supplement. By H. H. P. Powlbs, A.-M,Inst.C.E. Nearly 400 pp. lUua- 

trated with 38 Folding Plates, and 167 Woodcute. Royal 8vo, 35s. cloth. 

** This valuable work Is, and will remain, the standard authority on the science of milling. . . 

The aaiUer who has read and digested this work will have laid the foundation, so to speak, of a mc> 

cetfftii career ; he will have acquired a number of general principles which he can proceed te 

apply. In this handsome volume we at last have the accepted text-book of modem millmg in good, 

•oand EngUsh, which has little. If any, trace of the German idiom."— TA^ Miller. 

** The appearance of this cdebrated work In English is very opportune, and British mlUeis 
vlli. we are sure, not be slow in availing themselves of its ^fa%(tk,''^M%U€rs' GeuetU, 
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-dgglutinants. 

CEMENTS, PASTES, GLUES AND GUMS: A Practical 

Guide to the Manufacture and Application of the various Agglutinants re- 
quired in the Building. Metal- Working, Wood-Working and Leatber-Work- 
hig Trades, and for Workshop, Laboratory or Office Use. With upwards of 
900 Recipes and Formulas. By H. C. Standage, Chemist. Crown 8vo, 
2S. 6d. cloth. [Just published. 

" We have pleasure ht speaUnsr favourabljr of this roluroe. So far as we hare had experleaca, 
which is not inconsiderable, this manual is trustworthy."— At/uHaum. 

" As a revelation of what are considered trade secrets, this book will arouse an amount of 
rariosity anions the laive number of industries it touches."— Daily ChronicU. 

" In this eoodly collection of receipts it would be strange if a cement for any purpose cannot 
>e {wiaA."—Oil and Colounnan's journal. 

Soap^fnakin^g* 

THE ART OF SOAP-MAKING: A Practical Handbook 0/ the 
Manufacture of Hard and Soft Soaps, ToiUt Soaps, etc, Inclndinir many New 
Processes, and a Chapter on the Recovery of Glycerine from Waste Leys. 
By Alexander Watt. Fourth Edition, Enlarged. Crown 8vo, 7s. 6d, cloth. 
"The work will prove very usefiil. not merdy to the technological studnit; but to the practical 

Msp-boOer who wishes to understand the theory of his tuit,"— Chemical News. 

" A thoroughly practical treatise on an art which has almost no Utentore in our language. 

We congratulate the author on the success of his endeavour to fill a void in English techniaulitera* 

Paper Making. 

PRACTICAL PAPER-MAKING: A Manual for Paper-makers 
and Owners and Managers of Papsr-Mills. With Tables. Calculations, &c. 
By G. Clapperton, Paper-maker. With Illustrations of Fibres from Micro- 



Photographs. Crown 8vo, ^s, cloth. \just published. 

" The author caters for the requirements of responsible mill hands, apprentices. Sec, whilst 
.. _ manual will be found of great service to students of technology, as well as to veteran p; 
laakers and mill owners. The Illustrations form an excellent ftaXure."— Paper Trade Review. 



— _ — , .. , appre . — . 

Ms manual will be found of great service to students of technology, as well as to veteran paper 
— '-^rs and mill owners. The Illustrations form an excellent ftaXure."— Paper Trade Review. 

" We recommend everybody interested in the trade to get a copy of this thoroughly practical 
book."— Ar/er Making. 

Paper Making. 

THE ART OF PAPER MAKING : A Practical Handbook of the 
Manufacture of Paper from Rags, Esparto, Straw, and other Fibrous Materials. 
Including the Manufacture of Pulp from Wood Fibre, with a Description 01 
the Machinery and Appliances used. To which are added Details of 
Processes for Recovering Soda from Waste Liquors. By Alexander Watt, 
Author of " The Art of Soap-Making" With Illusts. Crown 8vo. 7*. 6d. clotl}. 



" It may be regarded as the standard work on the subject. The book Is full of valnaUe in- 
normation. The ' Art of Paper- making,' is in every respect a model of a text-book, either for a 
technical class or for the private student."— Pa/er and Prin/ing Trades youmal. 

Leather Manufacture. 

THE ART OF LEATHER MANUFACTURE. Being a 
Practical Handbook, in which the Operations of Tanning, Carrying, and 
Leather Dressing are fully Described^ and the Principles of Tanning Bi> 
plained, and many Recent Processes Introduced ; as also the Methoos for 
the Estimation of Tannin, and a Description of the Arts of Glue Boiling, Gat 
Dressing, &c. By Alexander Watt, Author of " Soap-Making," ftc. 
Second Edition. Crown 8vo, gs. cloth. 

*' A sound, comprehensive treatise on tanning and Its accessorlei. It Is an emlneatly vahiabi* 
production, which redounds to the credit of both author and pulxUshesB."— CAMMiea/ Btvigm, 

JB^ot and Shoe Making. 

THE ART OF BOOT AND SHOE-MAKING. A Practical 
Handbook, including Measurement, Last-Pitting, Cutting-Out, Closing, and 
Making, with a Description of the most approved Machinery employed. 
By John B. Lbno, late Editor of St. Crispin, and The Boot and Shoe-Maker. 
lamo, 25. cloth limp. 

" This excellent treatise Is by far the best work ever written. The chapter oa cHcUnc, 
wa%ich shows how waste may be prevented, wiD save fifty times the price of the book." 

SeoMsh LemOur Trmdtr, 

Wood Engraving. 

WOOD ENGRAVING: A Practical and Easy Introduction to the 
Siudvofthe Art. By William Norman Brown. Second Edition. With 
numerous Illustrations, ismo, is. 6d. cloth limp. 

•* The book Is dear and complete, and win be nseftd to anyone wanting to nndentand tbefint 
■liwi Its of the beMidAil art of wood engraving."— Crw^M^. 



INDUSTRIAL AND USEFUL ARTS. 



Watch Adjtistinq. 

THE WATCH ADJUSTER'S MANUAL: A Practical Guide 
for the Watch and Chronometer Adjuster in Making, Springing, Timing 
and Adjusting for Isochronism, Positions and Temperatures. By C. E. 
Fritts. 370 pages, with Illustrations, 8vo, 165. cloth. [Just published. 

Horology. 

A TREATISE ON MODERN HOROLOGY, in Theory and Prac- 
tice. Translated from the French of Claudius Saunier, ex-Director of the 
School of Horology at Ma9on, by Julien Tripplim, F.R.A.S^ Besan^oa 
Watch Manufacturer, and Edward Rigo, M.A., Assayer in the Royal Mint 
With 78 Woodcuts and 22 Coloured Copper Plates. Second Edition. Super- 
royal Svo, £2 as. cloth ; £1 105. half-calt. 
** There Is no horological work in the English language at all to be compared to this produc* 
lloo of M. Saunier's for deamess and comi>leteness. It is alike good as a guide for the student and 
■s a reference for the experienced herologist and skilled wotkmasi."—ffor0/o£icm/ y«umml. 

" The latest, the most complete, and the most rdiable of those literary productions to whick 
eontinental watchmakers are indebted for the mechanical superiority over their English brethieo 
-4n ftct. the Book of Books, is M. Saunier's 'Treatise.'"— ^ToAAmaiUr. ytwtUerandSilvtrsmith, 

Watchmaking. 

THE WATCHMAKER'S HANDBOOK. Intended as a Work- 
shop Companion for those engaged in Watchmaking and the Allied Mechani- 
cal Arts. Translated from the French of Claudius Saunier, and considera* 
ably enlarged by Julien Tripplim, F.R.A.S., Vice-President of the 
Horological Institute, and Edward Rigo, M.A., Assayer in the Royal Mint. 
With numerous Woodcuts and 14 Copper Plates. Third Edition. Crowa 
Svo, 9s. cloth. 
" Each part is truly a treatise in Itsdf. The arrangement Is good and the language Is clear aad 

Ctpclae. It is an admirable guide for the young watchmaker."— £nr^<rrinr. 

" It Is impossible to speak too highly of its excellence. It fulfils every requirement in a hand« 

book Intended for the use ot a workman. Should be found in every workshop."'— ffisilcA €md 

" This book contains an immense number of practical details bearing on the daily occupaHaa 
of a watchmaker."— Watchmaker and Atttaltverktr (Chicago). 

Watches and Timekeepers. 

A HISTORY OF WATCHES AND OTHER TIMEKEEPERS. 

By James F. Kendal, M. B.H.Inst, is. 6^. boards ; or 2s. 6^. cloth gilt. 

"Mr.Kendal'sbook, for its size, is the best which has yet appeared on this subject in tlw 
English language."— /M</Mx/ri«x. 

" Open the Dook where you may, there is interesting matter in it concerning the ingenious 
. devices of the ancient or modem horologer. The subject is treated in a liberal and entertaining 
spirit, as might be expected of a historian who is a master of the ctzSV—Saturday Review. 

Electrolysis 4>f Oold, Silver, Copper, etc. 

ELECTRO-DEPOSITION : A Practical Treatise on the Electrolysis 
of Gold, Silver , Copper, Nickel, and other Metals and A I op. With descrip- 
tions oi Voltaic Batteries, Magneto and Dynamo-Electric Machines, Ther- 
mopiles, and of the Materials and Processes used in every Department of 
the Art, and several Chapters on Electro- Metallurgy. By Alexander 
Watt, Author of "Electro- Metallurgy," &c. Third Edition.Revised. Crowa 
Svo, 95. cloth. 
"Eminently a book for the practical worker In electro-deposition. It contains practical 

descriptions of methods, processes and materials as actually pursued and used in the workshcp." 

•^Engifuer, 

EHectro-MetaUurgy. 

ELECTRO-META LL URG Y ; Practically TreaUd. By Alexandbh 
Watt, Author of " Electro-Deposition,** &c Tenth Edition, including tba 
most recent Processes. lamo, 4s. cloth boards. 

"From this book both amateur and artisan may learn werything necessary for the suciessfk 
ptotecution of electroplating."— /rm. 

Working in Gold. 

THE JEWELLER'S ASSISTANT IN THE ART OF WORK-- 
ING IN GOLD : A Practical Treatise for Masters and Workmen. Compiled 
from the Experience of Thirty Years' Workshop Practice. By Gboroe E. 
Gee, Author of ''The Goldsmith's Handbook," &c. Cr. 8vo, 7$. 6d. cloth. 
"This manual of technical education is apparently destined to be a valuable auxiliary to-« 

handicraft which is certainly capable of great improvement."— The Tifnes. 

" Very useful in the workshop, as the knowledge is practical, having l>een acquired by loag 

experience, and all the recipes and directions are guaranteed to be saccessXyAJ'—JeweUer -amZ 

Uttalworker. 
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Electroplating. 

ELECTROPLATING: A Practical Handbook on the Deposi- 
tion of Copper, Silver, Nickel, Gold, Aluminium, Brass, Platinum, &c. &C. 
With Descriptions of the Chemicals, Materials, Batteries, and Dynamo 
Machines used in the Art. By J. W. Urquhart, C.E., Author of " Electrio 
Light," &c. Third Edition, iwith Additions. Crown 8vo. 5s. cloth. 

•• An excellent practical maaual."—£ft^Heeri*t^, 

** An excellent work, giving the newest in£ortaa,tion."—fforvlogical youmal, 

JBlectrotyping. 

ELBCTROTYPING : The Reproduction and Multiplication of Print- 
ing Surfaces and Works of Art by the EUctro^position of Metals, By J. W. 
Urquhart, C.E. Crown 8vo, 5s. cloth. 



^"The book is thoroughly practicaL The reader Is, therefore, conducted through the 1. . 
mm of electricity , then througf the metals used by electrotypers, the apparatus, andthe depodtins 



t. up to the final preparation of the wotlc"— Art l/ourfial, 

€h>ld8mith8' Work. 

THE GOLDSMITH'S HANDBOOK. By George E. Gee, 
Jeweller, &c. Third Edition, considerably Enlarged, xsmo, 3s. 6d, el. bds. 
*^A good, sound educator, which will be accepted as an MixUb/^Xy^—Horolog^ical youmat. 

/Mverstniths^ Work» 

THE SILVERSMITH'S HANDBOOK. By George E. Gee, 
Jeweller, &c. Second Edition, Revised. lamo, 35. 6d. cloth. 
"The chief merit of the work is its practical character. . . The workers to the trade will 
lyeedily discover its merits when they sit down to study it."^Sfi£'lish Mechanic. 
*** The above two works together ^ strongly heUf ■'bound, price ys. 

Sheet Metal Working* 

THE SHEET METAL WORKER'S INSTRUCTOR: For 
Zinc, Sheet Iron, Copper, and Tin Plate Workers. Containing Rules for 
describing the Patterns required in the Different Branches of the Trade, 
By R. H. Warn, Tin Plate Worker. With Thirty-two Plates. 8vo,7s. 6d. cl. 

Bread and Biscuit Baking, 

THE BREAD AND BISCUIT BAKER'S AND SUGAR- 
BOILER'S ASSISTANT. Including a large variety of Modern Recipes. 
Bv Robert Wells, Practical Baker. Crown 8vo, 2*. cloth. 
** A large number of wrinkles for the ordinary cook, as well as the haket. "—Saturday Review, 

Confectionery for Hotels and Bestaurants. 

THE PASTRYCOOK AND CONFECTIONER'S GUIDE, 
For Hotels, Restaurants and the Trade in general, adapted also for Family 
Use. By Robert Wells. Crown 8vo, 2s. cloth. 
** We cannot speak too highly of this really excellent work. In these days of keen competltlOB 
au readers cannot do better than purchase tlus hook."— BaJkers' Times. 

Ornamental Confectionery. 

ORNAMENTAL CONFECTIONERY : A Guide for Bakers, 
Confectioners and Pastrycooks ; including a varietv of Modern Recipes, and 
Remarks on Decorative and Coloured Work. With 129 Original Designs. 
By Robert Wells. Crown 8vo, cloth gilt, 5s. 

** A valuable work, practical, and should be in the maos of every baker and confectioner. The 
■astratlve designs are alone worth treble the amount charged for the whole work."- Bakers* Times. 

Flour Confectionery. 

THE MODERN FLOUR CONFECTIONER, Wholesale and 
Retail. Containing a large Collection of Recipes for Cheap Cakes, Biscuits, 
&c. With Remarks on the Ingredients used in their Manufacture. By 
R. Wells. Crown 8vo, 2s. cloth 
** The work is of a decidedly practical character, and to every recipe r^[ard is had to economi- 
cs working."— M'r/A BriHsh Daily Mail. 

Itft/u/thflr'u ^f^firk 

LA UNDRY MANAGEMENT. A Handbook for Use in Private 
and Public Laundries, Including Descriptive Accounts of Modern Machinery 
and Appliances for Laundry Work. By the Editor of '• The Laundry 
Journal.^* Second Edition. Crown 8vo, 2S. 6d, cloth. 
*' This book should certainly occupy an honoured place on the shelves of all housekeepers 

«*• wish to keep themselves au courani of the newest appUances and methods."— r/t; Queen. 
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HANDTBOpES FOR HANDICRAFTS. 

By PAUL N. HASLUCK, 

Editor of " Work " (New Series) ; Author of " Lathework," " Milumq 

Machines," &c. 

Crown 8vo, 144 pages, cloth, price is. each. 

1^ These Handybooks have been written to supply information for Workmbii , 
Students, and Amateurs in the several Handicrafts, on the actual Practice 0/ 
the Workshop, and are intended to convey in plain language Technical Know- 
ledge of the several Crafts. In describing the processes employed, and the manipu- 
latioH of material, workshop terms are used ; workshop practice is fully explained: 
and the text is freely illustrated with drawings of modem tools, appliances, and 
processes, 

THE METAL TURNER'S HANDYBOOK. A Practical Manual 
for Worker* at the Foot-Lathe. With over 100 Illustrations. Price is. 
" The book will be of serrlce alike to the amateur and the artisan turner. It displays thorough 

knowledge of the sv.b}cct."—Scotsman. 

THE WOOD TURNER'S HANDYBOOK. A Practical Manual 
for Workers at the Lathe. With over 100 Illustrations. Price is. 
"We recommend the book to young turners and amateurs. A multitude of workmen have 

hitherto sought in ?ahi for a manual of this special hidu8tty."^MecManicmi World, 

THE WATCH JOBBER'S HANDYBOOK. A Practical Manual 
OH Cleaningt Repairing, and Adjusting, With upwards of 100 Illustrations. 
Price IS. 
** We strongly advise all young persons connected with the watch trade to acquire and study 

thb biezpensive wotk."^ClerJtgHweU Chronicle, 

THE PATTERN MAKER'S HANDYBOOK, A Practical 
Manual on the Construction oi Patterns for Founders. With upwards of 
xoo Illustrations. Price is. 
" A most Taluable, if not indispensable, manual for the pattern md!kAt.''—Kno'wUdg€. 

THE MECHANICS WORKSHOP HANDYBOOK, A Practical 
Manual on Mechanical Manipulation. Embracing Information on various 
Handicraft Processes, with useful Notes and Miscellaneous Memoranda. 
Comprising about 300 Subjects. Price is. 
" A very clever and useful book, wbica should be found in every workshop ; and it shouki 

certainly find a place in all technical schools."— Sa/wn^ Retdew. 

THE MODEL ENGINEER'S HANDYBOOK. A Practical 
Manual on the Construction of Model Steam Engines. With upwards of 100 
illustrations. Price is. 
•* Mr. Hasluck has produced a very good little \ioo'k."—Build«r. 

€HE CLOCK JOBBER'S HANDYBOOK. A Practical Manual 
on Cleaning, Repairing, and Adjusting, With upwards of 100 Illustrationa. 
Price IS. 
" It is of inestimable service to those commencing the XxanAn."— Coventry Standard, 

THE CABINET WORKER'S HANDYBOOK: A Practical 
Manual on the Tools, Materials, Appliances, and Processes employed in 
Cabinet Work. With upwards of 100 Illustrations. Price is. 
" Mr. Hasluck's thoroughgoing little Handybo<dc is amongst the most practical guides we have 

«een for beginners in cabinet-work."— Sa/wnfuj' Review. 

THE WOODWORKER'S HANDYBOOK OF MANUAL IN- 
STRUCTION, Embracing Information on the Tools, Materials, Appliances 
and Processes employed in Woodworking. With 104 Illustrations. Price is 

YJust published, 

THE METALWORKER'S HANDYBOOK. With upwards of 100 
Illustrations. [/» preparation, 

%* Opinions of the Press. 

" Written by a man who knows, not only how work ought to be done, but how to do it, and 
Jiow to con-, ey his knowledge to ol3itK."— Engineering. 

" Mr. Hasluck writes admirably, and gives complete instructions."— Engineer. 

" Mr. Hasluck combines the ezpenence of a practical teacher with the manipulative sUU and 
«clentific knowledge of processes of the trained mechanician, and the manuals are marvds of 
what can be produced at a popular price."— ScMooimaster. 

" Helpful to workmen of all ages and degrees of experience."— i>atiF>' Chronicle, 

•* Practical, sensible, and remarkably cheap."— youtttai <i/'Editeation. 

" Concise, clear and practical."— 5aA«r</ay Review. 
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COMMERCE, COU NTING-HOUSE WOR K, TABLES, ete. 

Commercial French* 

A NEW BOOK OF COMMERCIAL FRENCH: Grammar- 
Vocabulary — Correspondence — Commercial Documents — Geography — 
Arithmetic— Lexicon. By P. CxRROui, Professor in the City High School 
J.— B. Say (Paris). Crown 8vo, 4s. W. cloth. [j^ust published 

Commercial Education. 

LESSONS IN COMMERCE. By Professor R. Gambaro, of 

the Royal High Commercial School at Genoa. Edited and Revised by Jambs 

Gault, Professor of Commerce and Commercial Law In King's College, 

London. Second Edition, Revised. Crown 8vo, 3s. 6rf. c\oih»[y ust published. 

*• The put^hers of this work have rendered considerable service to the cause of commercia 

•dapition by the opportune production of this volume. . . . The work is peculiarly acceptable 

to Ensflish readers and an admirable addition to existing class-books. In a phrase, we think the- 

wpric attains its object in furnishing a brief account of those laws and customs of British trade with 

which the commercial man interested therein should be familiar."— CAa»«*rr ofCommerceyoumal 

" An invaluable guide in the hands of those who are preparing for a commercial career." 

Counting House 

Foreign Commercial Correspondence. 

THE FOREIGN COMMERCIAL CORRESPONDENT: BeiDg 
Aids to Commercial Correspondence in Five Languages — English, French, 
German, Italian, and Spanish, Bv Comrad £. Bakbr. Second Edition. 
Crown 8vo, 35. 6d. cloth. 

' *Whoever wishes to correspond In all the languages mentioned by Mr. Baker cannot do bettet 
than stody this work, the materials of which are excellent and conveniently arranged. They consist: 
not of entire specimen letters but— what are far more useful- short passages, sentences, or 
phras^ expressing the same general idea in various forms."— Atfumtum. 

m I! A ^^'^ examination has convinced us that it is unusually complete, well arranged, and 
ratable. The book Is a thoroughly good oat."—Scfioohnast€r. 

Accounts for Manufacturers. 

FACTORY ACCOUNTS: Their Principles and Practice. A 
Handbook for Accountants and Manufacturers, with Appendices on the No- 
menclature of Machine Details ; the Income Tax Acts ; the Rating of Fac- 
tories ; Fire and Boiler Insurance ; the Factory and Workshop Acts, &c.,. 
including also a Glossary of Terms and a large number of Specimen Rulinga. 
By Emile Garckb and J. M. Fells. Fourth Edition, Revised and En- 
larged. Demy 8vo, 250 pages, 6s. strongly bound. 
*^A very interestjig description ofthe requirements of Factory Accounts. . . . the principle. 

ocatsimllating the Factory Accounts to the general.commercial books Is one which we thoroughly 

■free with."~'j4ccoun/ants' youmal. 

** Charactersed by extreme thoroughness. There are few owners of factories who would not 

dcnre great benefit from the perusal of this most admirable work."— Loo*/ GovemmeHt Chronicle.. 

Modern Metrical Units and Systems. 

MODERN METROLOGY: A Manual of the Metrical VniU 
and Systems of the Present Century. With an Appendix containing a proposed 
English System. By Lowis D'A. Jackson, A.M.Inst.C.E., Author of *' Aid 
to Survey Practice," &c. Large crown 8vo, 12s. 6d. cloth. 

" Y^^ recommend the work to all interested in the practical reform of our weights and mea- 
mu9S.''—Nafurg. 

The Metric System and the British Standards. 

A SERIES OF METRIC TABLES, in which the British Stand- 
ard Measures and Weights are compared with those of the Metric System at present' 
in Use on the Continent. By C. H. Dowlino, C.E. 8vo, ios. 64. strongly Sound 
"Mr. DowUng's Tables are well put together as a ready-reckoner for the convenioo of cm 
II into the oOi«i."—j4t)unaum. 



Iron Shipbuilders' and Merchants' Weight Tables. 

IRON -PLATE WEIGHT TABLES: For Iron Shif builders,. 
Engineers, and Iron Merchants. Containing the Calculated Weights of up- 
wards of 150.000 diflerent sizes of Iron Plates, from i foot by 6 in. by i in. to- 
10 feet bv 5 feet by i in. Worked out on the basis of 40 lbs. to the square 
foot of Iron of i mcb in thickness. Carefully compiled and thoroughly Re- 
vised by H. BuRLiNSON and W. H. Simpson. Oblong 4to, ass. half-bound. 
"TWs work win be found of great utility. The authors hare had much practical experience 

of what Is wanting In making estimates; and the use of the book will save much time In maklcs 

•bborate calculations. "'•^En^lisk Mteehanie. 
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Chadwick'8 Calculator for Numhers and Weights 
Cotnbined, 

THE NUMBER, WEIGHT, AND FRACTIONAL CALCU- 
LA TOR, Containing upwards of 350,000 Separate Calculations, showing at 
a glance the value at 422 diflerent rates, ranging from j^th ot a Penny to 
SOS. each, or per cwt., and £20 per ton, of any number 0! articles consecu- 
tively, from X to 470.— Any number of cwts., qrs., and lbs., from i cwt. to 470 
cwts.— Any number of tons, cwts., qrs., and lbs., from x to 1,000 tons. By 
William uradwick, Public Accountant. Third Edition, Revised and Im- 
proved. 8vo,i8s., strongly bound for OfBce wear and tear. 
tsr Is adapted for the use of Accountants and Auditors, Railway Companies^ 
Carnal Companus. Shippers, Shipping Agents, General Carriers, etc. Ironfounders, 
Srassfounders, Metal Merchants, Iron Manufacturers, Ironmongers, Engineers^ 
Machinists, Boiler Makers, Millwtights, Roofing, Bridge and Girder Makers, Colliery 
Proprietors, etc. Timber Merchants, Builders, Contractors, Architects, Surveyors, 
Auctioneers, Valuers, Brokers, Mill Owners and Manufacturers, Mill Furnishers,. 
Merchants, and General Wholesale Tradesmen. Also for the Apportionment 
Mileage Charges for Railway Traffic, 

" It is as easy of reference fer any answer or any number of answers as a dictionary, and th* 
references are even more quickly made. For makinfr up accounts or estimates the book must 
prove invaluable to all who have any considerable quantity of calculatioas involving price and 
B in any combination to ^o."— Engineer. 



Marben'8 Comprehensive Weight Calculator. 

THE WEIGHT CALCULATOR, Being a Series of Tables 
opon a New and Comprehensive Plan, exhibiting at One Reference the exact 
Value of any Weight from i lb. to 15 tons, at 300 Progressive Rates, from id, 
to x68s. per cwt., and containing x86,ooo Direct Answers, which, with their 
Combinations, consisting of a single addition (mostly to be performed at 
sight), will afiord an aggregate of 10,266,000 Answers ; the whole being calcu* 
lated and designed to ensure correctness and promote despatch. By Hbnrt 
Harbem, Accountant. Fourth Edition, carefully Corrected. Royal 8vo^ 
£1 5s. strongly half-bound. 
*' A practical and usefiil work of reference for men of business generally ; It Is the best of th» 

kind we nave ateia."—/rontft0n£-er. 

" Of priceless value to busmess men. It is • necessary book In all mercantile offices."— vSAcA 

/ieUt Independent, 

Harben'8 Comprehensive IHscount Guide. 

THE DISCOUNT GUIDE, Comprising several Series of 
Tables tor the use of Merchants, Manufacturers, Ironmongers, and others, 
b]r which may be ascertained the exact Profit arising from any mode of using 
Discounts, either in the Purchase or Sale of Goods, and the method of either 
Altering a Rate of Discount or Advancing a Price, so as to produce, by one 
operation, a sum that will realise any reauired profit after allowing one or 
more Discounts : to which are added Tables of Profit or Advance from i\ to 
Qo per cent.. Tables of Discount from i^ to 98I per cent., and Tables of Com- 
mission, &c.| from I to 10 per cent. By Hbmry Harben, Accountant. New- 
Edition, Revised and Corrected Demy 8vo, 544 pp., £i 5s. half-bound. 
" A book such as this can only be appreciated by iMislness men, to whom the saviiy of time 
■aens saving of money. We have the high authority of Professor J. R. Young that the tables 
tiiroughout the work are constructed upon strictly accurate principles. The work b a model 
of typographical clearness, and must proT« of great value to merchants, manuCEicturers, and 
J tididars."— British Trade youmoL 



Ifew Wages Calculator, 

TABLES OF WAGES at 54, 52, 50 and 48 Hours per Week. 
Showing the Amounts of Wages from One-quarter-of-an hour to Sixty-four 
hours in each case at Rates of Wages advancing by One Shilling from 45. ta 
J5S. per week. By Thos. Garbutt, Accountant. Square crown 6vo. 6s. 
half-bound. [Just published^ 

Iron and Metal Trades^ Calculator. 

THE IRON AND METAL TRADES' COMPANION. Foi 

expeditiously ascertaining the Value of any Goods bought or sold by Weight, 
from 15. per cwt. to xiss j>er swt., and from one farthing per pound to one 
shilling per pound. By Thomas Downie. 396 pp., 9$. leather. 

" A most useful set of tables : nothing Uke them before KLisX^ArSuitdinf Newt. 

"Although spedafly adapted to the iron and metal trades, the tables will be found naeful iit> 
•very other business in which metchandise is l>ought and soki by weight."— ^otfAvflur Newt. 
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"DIRECT CALCULATOR S," 

By M. B. COTSWORTH, of Holgate, York. 

QUICKEST AND HOST ACCURATE MEANS OF CALCULATION KNOWN. 

ENSURE ACCURACY and SPEED WITH EASE, SAVE TIME and MONEY. 
Accounts may be charged out or checked by these means in about one 
third he time required by ordinary methods of calculation. TheEC 
unriYalled ** Calculators " have very clear and original contrivances 
for instantly llEding the exact answer, by its fixed position, without 
even sighting the top or side of the page. They are varied in arrange- 
ment to suit the special need of each particular trade. 
All the leading firms now use Calculators^ even where they employ experts, 
N.B.— Indicator letters in brackets should be quoted. 

^' RAILWAY &- TRADERS' CALCULATOR " (R. & T.) los. 6d. 
Including Scale of Charges for Small Parcels by Merchandise Trains. 
" Direct Calculator" — the only Calculator published giving exact charge for 
Cwts., Qrs. and Lbs., together. " Calculating Tables" for every id. rate to 
1005. per ton. " Wages Calculator." " Percentage Rates." " Grain, Flour, 
Ale, &c.| Weight Calculators." 

"• DIRECT CALCULATOR (I R) " including all the above except 
" Calculating Tables." 7s, 

** DIRECT CALCULATOR (A)" by Ji., 25. each opening, exact 
pence to 40s. per ton. 5s. 

*' DIRECT CALCULATOR (B) " by li., 45. each opening, exact 
pence to 405. per ton. 45. 6d. 

** DIRECT CALCULATOR (C) " by id. (with Cwts. and Qrs. to 
nearest farthing), to 40s. per ton. 45. 6d. 

^'DIRECT CALCULATOR (Ds) " by id. gradations. (Single Tons 
to 50 Tons, then by fifties to 1,000 Tons, with Cwts. values below in exact 
pence payable, fractions of ^d. and upwards being counted as id. 6s. td. 

^* DIRECT CALCULATOR (D) " has from 1,000 to 10,000 Tons in 
addition to the (Ds) Calculator, ys. 6d. 

''DIRECT CALCULATOR (Es) " by id. gradations. (As (D) to 
1,000 Tons, with Cwts. and Qrs. values shown separately to the nearest 
farthing). 55. 6d. 

** DIRECT CALCULATOR (E) " has from 1,000 to 10,000 Tons in 
addition to the (Es) Calculator. Cs, 6d. 

** DIRECT CALCULATOR (F)" by id., 2S. each opening, exact 
pence to 40s. per ton. 4s. 6d. 

•** DIRECT CALCULATOR (G) " by id., is. each opening ; 6 in. by 
9 in. Nearest Id. Indexed (Q I) 3s. 6d. as. 6d. 

«• DIRECT CALCULATOR (H) " by id., is. each opening ; 6 in. by 
9 in. To exact pence. Indexed (H I) 3s. 6d. as. 6d. 

^'DIRECT CALCULATOR (K)" Showing Values of Tons, Cwts. 
and Qrs. in even pence (fractions of i^. as id^, for the Retail Coal Trade. 
4s, 6d, 

^'RAILWAY AND TIMBER TRADES MEASURER AND CAL- 
CULA TOR (T) " (as prepared for the Railway Companies). The onljr book 
published giving true content of unequal sided and round timber by eighths 
of an inch, quarter girth. Weights from Cubic Feet— Standards, Superficial 
Feet, and Stone to Weights— Running Feet from lengths of Deals— Standard 
Multipliers— Timber Measures— Customs Regulations, &c. 3s. 6^, 
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J>r. Fream^s New Edition of *^The Standard 
Treatise on Agriculture.^^ 

THE COMPLETE GRAZIER, and FARMER'S and CATTLE- 
BREEDER'S ASSISTANT: A Compendium of Husbandry. Originally 
Written by William Youatt. Thirteenth Edition, entirely Re-written, 
considerably Enlarged, and brought up to the Present Requirements of 
Agricultural Practice, by William Frbam, LL.D., Steven Lecturer in the 
University of Edinburgh, Author of "The Elements of Agriculture." &c. 
Royal 8vo, x.ioo pp., with over 450 Illustrations. £1 ixs. od. strongly and 
handsomely bound. 

Extract from Publishers' Advertisement. 

•• A treatise that made its original appearance in the first decade of the centuiy, and that enters 
upon its Thirteenth Edition before the century has run its course, has undoubtedly established its 
position as a woric of permanent value. . . The phenomenal progress of the last dozen years ia the 
Practice and Science of Farming has rendered it necessary, however, that the volume should be 
■re- written,. . . . and for this undertaking the publishers were fortunate enough to secure the 
-services of Dr. FREAM, whose high attainments in all matters pertaining to agriculture have been 
so emphatically recognised by the highest professional ana official authorities. In carrying 
out his editorial duties. Dr. Fream has been favoured with valuable contributions by Prof. J 
WORTLEY Axe, Mr. E. Brown, Dr. Bernard Dyer, Mr. W. J. Malden, Mr. R. H. Rew 
Prof. SHELDON, Mr. J. SINCLAIR, Mr. SANDERS SPENCER, and others. 

" As regards the illustrations of the work, no pains have been spated to make them as repre- 
sentative and characteristic as possible, so as to be practically useful to the Farmer and Grazier." 

Summary of Contents. 



Cook I. On the Varieties, Breed- 
ing, Rearing, Fattening, and 
Management of Cattle. 

Book II. On the Economy and Man- 
agement of the Dairy. 

£ooK III. On the Breeding, Rear- 
ing, AND Management of Horses. 

Book IV. On the Breeding, Rear- 
ing, AND Fattening of Sheep. 

Book V. On the Breeding, Rearing, 
AND Fattening of Swine. 

Book VI. On the Diseases of Live 
Stock. 



Book VII. On the Breeding, Rear- 
ing, AND Management of Poultry. 

Book VIII. On Farm Offices and 
Implements of Husbandry. 

Book IX. On the Culture and Man- 
agement OF Grass Lands. 

Book X. On the Cultivation and 
Application of Grasses, Pulse, 
AND Roots, 

Book XI. On Manures and their 
Application toGrass Land&Crops 

Book XII. Monthly Calendars of 
Farmwork. 



\* Opinions of the Press on the New Edition, 
^' Dr. Fne-am is to be cangraLuktMJ ata the sutDeufuI attempt htt lia^ mide' to g^ve us a work 

whlcb iFvtII a.1 Cunt bei;otn« the StHnu'ajd 'lLbsblc of tlifi fann po.ctiEe at tht: COUilttv. We believe 
that Ix wUi b£ fcunij that it Vla± no c [>ed]>gc r aiann^ tLti Qi sny work^s at p nc^ at In ^u&tence. . . . 
Tht iU uftTBtLDita Alt admirabla, while the ErDctispiecei whiE.b rpfirdSGnts tho wcUrkuc^wn bull, New 
Year a Cil^ bred fay the ^uedii^ I5 a work ui Sft- — 7"Af Titft^-Tr 

"The hacilt raust be feoQgnixd as i>c;upi'Iiig theproml postlipn of the rnost iixhaustive work 
Jrefercacc in the liflgils^ ImgUItge on tlie BUtject With ■whkll it de-als,"^ j^rAfnii-;^ f.f.: 

^- The KiPsJ. EriiTipiebauive euide to mudern farm practice that eidsts in the li[;.;;ish language 
tO'diiy. ^ . . The tmok it one that bu^ht to be oa everjF fum at>d in the IttirDiry oi every land* 
^wcer-"— J/df * Lani Exprtst^ 

'^In p^Ent of exliau!btlvenejs and anctirmcy thti wc>rk ^iU e«rta[h9v holil a prB.eminent and 
anlque pp^itLon amon^ books dcalin;^ with scientiAc jtericultLir;!! practice. It i», in fact, an agri* 
culturaf library of iticlf."- AVri'A ^riHih ^.'f^ricu^hirtjL 

" A compendluM of authDrEtative dQfl i^<it]^ordered knoiviec^i;:!! on evt;ry cnnteivable branch 
'jf the woik of tho lly-q stotk farm*! ; pjobab(y witb^iut an equiil in this or any other country." 

Yorkshire Post. 

British Farm Live Stock. 

FARM LIVE STOCK OF GREAT BRITAIN. By Robert 
Wallace. F.L.S., F.R.S.E^ &c., Professor of Agriculture and Rural Eco- 
nomy in the University of Edinburgii. Third Edition, thoroughly Revised 
and considerably Enlarged. With over i2o Phototypes of Prize Stock. Demy 
8vo, 384 pp., with 79 Plates and Maps, 12s, 6d. cloth. 
" A reaJly complete woik on the history, breeds, and management of the farm stock of Great 

Brium, and one which is likely to find its way to the shelves of every country gentleman's 

library."— 7"Ar Times. 

" The latest edition of ' Farm Live Stock of Great Britam ' is a production to be proud of, and 

Its issue not the least of the services which its author has rendered to agricultural science." 

Scottish Farmer, 
" The book is very attractive . . . and we can scarcely imagine the existence of a farmer 

who would not like to have a copy of this beautiful ■wotli."—AfarA Lane Express. 

" A work which will long be regarded as a btandard authority whenever a concise history and 

description of the breeds oflive stock in the British Isles is tequued." •'Beit's Weekly Messenger, 
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Dairy Fanning. 

BRITISH DAIRYING. A Handy Volume on the Work of the 
Dairy-Farm. For the Use of Technical InstructioB Classes, Students in 
Agricultnral Colleges, and the Working Dairy-Farmer. By Profj. P. Sheldon, 
ate Special Commissioner of the Canadian Government, Aumor of " Dairy 
Farmmg," &c. With numerous Illustrations. Crown 8vo, 2S. 6d. cloth 
•• We coandently recommend it as a text-book on dairy fzxmTag,"—Af^ricultural Gazette. 
" Probably the beit half-crown manual on dairy work that has yet bwn produced."— North 
British A^icuUurist. 

•• It is the soundest little work we have yet seen on the subject."— 7**^ Times. 

Dairy Manual. 

MILK, CHEESE AND BUTTER: A Practical Handbook 
on their Properties and the Processes of their Production, including a 
Chapter on Cream and the Methods of its Separation from Milk. By Johm 
Oliver, late Principal of the Western Dairy Institute, Berkeley. With 
Coloured Plates and 20c Illusts. Crown 8vo, js.^d. cloth. \J^t publishtd, 
"An exhaustive and masterly production. It may be cordially recommended to all students 

and practitioners of dairy science."— ^V.5. AgricnUurist. 

" We stroi^lv recommend this very comprehensive «nd carefully- written book to dairy-fermers 

and students of dairying. It is a distinct acquisition to the library of the asfricultuiist."— ^^-rtcvA 

tural Gazette. 

Agricultural Facts and Figures. 

NOTE-BOOK OF AGRICULTURAL FACTS AND FIGURES 
FOR FARMERS AND FARM STUDENTS. By Primrose McConn^ll, 
B.Sc. Fifth Edition. Royal 32mo, roan, gilt edges, with band. 4s. 
" Literally teems with information, and we can cordially recommend it to aU connected wltt 
mrAmitaxt."— North British Agriculturist, 

8maU Farming. 

SYSTEMATIC SMALL FARMING; or, The Lessons of my 
Farm. Being an Introduction to Modern Farm Practice for Small Farmers. 
Bv R. Scott Burn. With numerous Illustrations, crown 8vo, 6s. cloth. 
"This te the completest book of its class we have seen, and one which every amateur f 
will read with pleasure and accept as a emde."—FteUl, 

Modem Farming. 

OUTLINES OF MODERN FARMING, By R. Scott Burn. 
Soils, Manures, and Crops— Farming and Farming EDconomy — Cattle, Sheep, 
and Horses — Management of Dairy, Pigs, and Poultry — Utilisation of 
Town-Sewage, Irrigation, &c. Sixth Edition. In One Vol., 1,950 pp., half* 
bound, profusely Illustrated, 12s. 

" The ahn of the author has been to make his work at once comprehensive and trustworttaf 
and he has succeeded to a degree which entitles hun to much cte^t.— Morning Advertistr. 

Agricultural Engineering. 

FARM ENGINEERING, THE COMPLETE TEXT-BOOK OP. 

Comprising Draining and Embanking; Irrigation and Water Supply; Farm 
Roads, Fences, and Gates ; Farm Buildings ; Bam Implements and Ma- 
chines ; Field Implements and Machines ; A^icultural Surveying, &c. By 
Prof John Scott. 1,150 pages, half-bound, with over 600 Illustrations, 12s. 
"Written with grreat care, as well as with knowledge and ability. The author has done his 

work well ; we have found him a very trustworthy guide wherever we have tested his statements. 

The volume will be of great value to agricultural studeats,"—Marh Lane Express. 

Agricultural Text-Book. 

THE FIELDS OF GREAT BRITAIN: A Text-Book of 

Agriculture, adapted to the Syllabus of the Science and Art Department. 
For Elementary and Advanced Students. By Hugh Clements (Board of 
Trade). Second Edition, Revised, with Additions. iSmo, as. 6d. cloth. 
"A most comprehensive volume, giving a mass of ixdotmaXion."—AgricuUural Econotnist. 
"It is a long time since we have seen a book which has pleased us more^ or which contalm 
mch a vast and useful fund of Itnowledge."— fi^McoM^Ma/ Times. 

Tables for Farmers, etc. 

TABLES, MEMORANDA, AND CALCULATED RESULTS 
for Farmers. Graziers, Agricultural Students, Surveyors, Land Agents, Auc- 
tioneers, etc. With a New System of Farm Book-keeping. By Sidney Fran- 
cis. Third Edition, Revised. 873 pp., waistcoat pocket size, is, 6d. leather. 
" Weighing less than z oz., and occupjring no more space than a match box. It contains a mass 
of facts and calculations which has never before, in suck handy form, been obtainable. Every 
operation on the farm is dealt with. The work may be taken as thoroughly accurate, the whole 
of the tables having been revised by Dr. Fream. We cordially recommend it."— Seifs JVeeklp 
Messenger, 
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ArtiflcimZ Mmnures and Foods. 

FERTILISERS AND FEEDING STUFFS : Their Proper- 
ties and Uses. A Handbook for the Practical Farmer. By Bernard Dybr, 
D.Se. (Lond.) With the Text of the Fertilisers and Feeding Stuffs Act of 
1893, the Regulations and Forms of the Board of Agriculture and Notes on 
the Act by A. J. David, B.A., LL.M., of the Inner Temple, Barrister-at-Law. 
Crown 8vo, 120 pages, is. cloth. [y*^t published. 

" An exeeOent shiniugsirorth. Dr. Dyer has done farmers gocd serrice mi placing at Iheir dl»- 
posa 90 much useful information in so intelligible a form."— The Times. 

The Management of Bees. 

BEES FOR PLEASURE AND PROFIT: A Guide to the 
Manipulation of Bees, the Production of Honey, and the General Manage* 
ment of the Apiary. By G. Gordon Samson. Crown 8vo, is. cloth. 
" The intending bee-keeper will find exactly the kind of information required to enable him 

to make a successfiu start with his hives. The author is a thoroughly competent teacher, and his 

book may be commeaded."—Momifi£' Post. 

JFarm and Estate Book-keeping. 

BOOK-KEEPING FOR FARMERS & ESTATE OWNERS. 
A Practical Treatise, presenting, in Three Plans, a System adapted for all 
Classes of Farms. By Johnson M. Woodman, Chartered Accoontant. Second 
Bdition, Revised. Crown Svo, 3s. 6d. cloth boards ; or 25. 6d. cloth limp. 
** The Tolume is a capital study of a most important subject "—AzricHUuriU Gastttt. 
The young farmer, land agent, and surveyor will find Mr. Woodman's treatise mere than 
repay its cost and st\idy,''—BuilaiHtr News. 

Farm Account Book. 

WOODMAN'S YEARLY FARM ACCOUNT BOOK. Giving 
a Weekly Labour Account and Diarv, and showing the Income and Expen- 
diture under each Department of Crops, Live Stock, Dairy, &c. &c. With 
Valuation, Profit and Loss Account, and Balance Sheet at the end of the 
Year. B^ Johnson M. Woodman, Chartered Accountant, Author of " Book- 
keeping for Fanners." Folio, 7s. 6d. half bound. [euUurt 
"Coittains every requisite form for keeping farm accounts readily sod accurately."— .^^W* 

Early Fruits^ Flowers, and Vegetables. 

THE FORCING GARDEN ; or, How to Grow Early Fruits, 
Flowers, and Vegetables. With Plans and Estimates for Building Glass- 
houses, Pits, and Frames. By Samubl Wood. Crown Svo, 3s. W. cloth. 
" A good book, and fairly fills a place that was in some denee vacant. The book is written with 
Creat care, and contains a great deal of valuable teaching." — Gardeners' Mag-asine, 

Good Gardening. 

A PLAIN GUIDE TO GOOD GARDENING ; or, How to Grow 
Vegetables, Fruits, and Flowers. By S. Wood. Fourth Edition, with con- 
siderable Additions, &c., and numerous Illustrations. Crown Svo, 35. 6d. cl. 
" A very good book, and one to be highly recommended as a practical guide. The practical 

directions are excellent,"— Athefueum, 

" May be recommended to young gardeners, cottagers, and specially to amateurs, for the 

pWn, simple, and trustworthy information it gives on common nutters too often ne^^ected,"— 

Cmrdtfitrs' Chronidt, 

Gainful Gardening. 

MULTUM-IN'PARVO GARDENING; or. How to make One 
Acre of Land produce £620 a-year by the Cultivation of Fruits and Vegetables ; 
also, How to Grow Flowers in Three Glass Houses, so as to realise £176 per 
annum clear Profit. By Samuel Wood, Author of " Good Gardening," &c. 
Fifth and Cheaper Edition, Revised, with Additions. Crown Svo, is, sewed. 
"We are bound to recommend it as not only suited to the case of the »«"»timr and gentlraian's 
^[afdener, but to the maricet grower."— Con^kiMr^' Magmsine, 

Gardening for Ladies. 

THE LADIES' MULTUM'IN-PARVO FLOWER GARDEN, 
and AmaUurs' Complete Guide, With Illusts. By S. Wood. Cr.Svo, 3s. 6d, cL 

Eeeeipts for Gardeners. 

GARDEN RECEIPTS. Edited by Charles W. Quin. lamo, 
IS. 6d. oloth limp. 

Market Ga/rdewkig. 

MARKET AND KITCHEN GARDENING. By Contributors 
to "The Garden.'* Compiled by C. W. Shaw, late Editor of *'GardeniDf 
Illustrated." xamo 3s. 64. cloth boards. 
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AUCTIONEERING, VALUING, LAND SURVEYING 
ES TATE AGENCY, e te. 

Auctioneer's Assistant. 

THE APPRAISER, A UCTIONEER, BROKER, HOUSE AND 
ESTATE AGENT AND VALUER'S POCKET ASSISTANT, fortheValoa. 
tion for Purchase, Sale, or Renewal of Leases, Annuities and Reversions, and 
of property generally; with Prices for Inventories, &c. Bv John Whbblbr 
Valuer, &c. Sixth Edition, Re- written and greatly extended by C. N orris, 
Surveyor, Valuer, &c. Royal 32mo, 5s. cloth. 

" A neat mnd concise book of reference, containing an admirable and dearty-amnged Ust at 

prices for inTentorles. and a very practical guide to determine the value of taxmt\ue,itc."— S t at$ dmrtl, 

" Contains a large quantity of varied and useful information as to the valuation for purchaaeb 

sale, or renewal of leases, annuities and reversions, and of property generally, with 6rices for 

laveatories, and a guide to determine the vahie of interior fittings and ouwr eflects."— iTMiMcr. 

Auctioneertng. 

AUCTIONEERS: THEIR DUTIES AND LIABILITIES. 

A Manual of Instruction and Counsel for the Young Auctioneer. By Robert 
Squibbs, Auctioneer. Second Edition, Revised and partly Re- written. Demy 
8vo, Z2S. 6d, cloth. 

♦♦* Opinions of the Press. 
" The standard text-book on the topics of which it treats."— A thgnaum. 
" The woric is one of general excellent character, and gives much information in a compen- 
dious and satisfactory (orm."— Builder. 

" May be recommended as giving a great deal of information on the law relating t9 
anctioneers, in a very readable form."— law yournal. 

'' Auctioneers ms^ be congratulated on having so pleasing a writer to minister to their special 
^"—Solicitors' yourftal. 

"Every auctioneer ought to possess a copy of this excellent work."— fronmotiigtr. 
" Of great value to the profession. . . . We readily welcome this book from the fiKt that b 
tfMts the subject in a manner somewhat new to the profession."— £f/lis/^ GoMOte. 

Inwood's Estate Tables* 

TABLES FOR THE PURCHASING OF ESTATES, Freehold, 
Copyhold, or Leasehold; Annuities, A dvowsons, etc., Rnd for the Renewing of 
Leases held under Cathedral Churches, Colleges, or other Corporate bodies 
for Terms of Years certain, and for Lives : also for Valuing Reversionary 
Estates, Deterred Annuities, Next Presentations, Sec, ; together with Smart's 
Five Tables of Compound Interest, and an Extension of the same to Lower 
and Intermediate Rates. By W. In wood. 24th Edition, with considerable 
Additions, and new and valuable Tables of Logarithms for the more Difficult 
Computations of the Interest of Money, Discount, Annuities, &c., by M. Fbdor 
Thomam, of the Soci^t^ Cr6dit Mobiiier ot Paris. Crown 8vo, 8s. cloth. 
"Those interested in the purchase and sale of estates, and in the adjustment of compensatloa 

eases, as well as in transactions in annuities, life insurances, Stc^ will find the present editiooof 

eminent %ervice."—En£riHeerin£'. 

" * Inwood's Tables ' still maintain a most enviable reputaton. The new Issue has been enriched 

by arge additional contributions by M. Fedor Thoman, whose carefully arranged Tables cannot 

fyi to be of the utmost vXMty"— Mining Journal, 

AgrietUtu/ral Valuer^s Assistant. 

THE AGRICULTURAL VALUER'S ASSISTANT. A Prac 
tical Handbook on the Valuation of Landed Estates ; including Rules and 
Data for Measuring and Estimating the Contents, Weights, and Values of 
Agricultural Produce and Timber, and the Values of Feeding Stufifs, 
Manures, and Labour; with Forms of Tenant*Right- Valuations, Lists of 
Local Agricultural Customs, Scales of Compensation under the Agricultural 
Holdings Act, &c. &c. By Tom Bright, Agricultural Surveyor. Second 
Edition, much Enlarged. Crown Svo, 5s. cloth. 
•*Full of tables and examples in connection with the valuation of tenant-right, estates, laboiw» 

contents, and wei^rhts of timber, and faxm produce of all )KXn6s."—AgrictUiurtU GoMttU, 

" An eminently practical handbook, full of practical tables and data of undoi4>ted Interast Snd 

value to surveyors and auctioneers in preparing valuations of all kinds. '-^arwMr. 

Plantations and Underwoods. 

POLE PLANTATIONS AND UNDERWOODS: A Practical 
Handbook on Estimating the Cost of Forming, Renovating, Improving, and 
Grubbing Plantations and Underwoods, their Valuation for Purposes of 
Transfer, Rental, Sale, or Assessment By Tobi Bright, Author of 
"The AgriculturalValuei s Assistant," &c. Crown Svo. 3s. 6<<. cloth. 
•• To valuers, foresters and agents it will be a wekome 9\^"— North British jifricuOurist, 
"Wen calculated to assist the valuer in the discharge of his duties, and of undoubted intateal 
aad nse both to surveyors and anctioneers In pt^Murlng vahiations of all kinds."— jgjwi/ Mtralm, 
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Mudson'8 Land Valuer's Bochet-Booh. 

THE LAND VALUER'S BEST ASSISTANT: Being Tables 
on a verj macb Improved Plan, for Calculating the Value of Estates. With 
Tables for reducing Scotch, Irish, and Provincial Customary Acres to Statute 
Measure, &c. By R. Hudson, C.B. New Edition. Royal samo. 4s. leather. 
" Of incalculable value to the country gentleman and professional xaaa."— Farmers' youmal^ 

Efwart'8 Land Improver's Bochet-Booh. 

THE LAND IMPROVER'S POCKET-BOOK OF FORMULAE, 
TABLES, and MEMORANDA required in any Computation relating to the 
Permanent Improvement of Landed Property, By John Ewart, Surveyor. 
Second Edition. Royal aamo, 4s. leather. 

Cwnplete Agricultural Surveyor's BocheUBooh. 

THE LAND VALUER'S AND LAND IMPROVER'S COM- 
PLETE POCKET-BOOK. Being of the above Two Works bound together. 
Leather, with strap, 7s. 64. 

House Property. 

HANDBOOK OF HOUSE PROPERTY, A Popular and Practi- 
cal Guide to the Purchase, Mortgage, Tenancy, and dompulsory Sale of 
Houses and Land, including the Law of Dilapidations and Fixtures ; with 
Examples of all kinds of Valuations, Useful Information on Building, and 
Suggestive Elucidations of Fine Art By E. L. Tarbuck, Architect and 
Surveyor. Fifth Edition, Enlarged. i2mo, 55. cloth. 
•• The advice Is thoroughly practlcaL"— Zow journal, 

" For all who have dealuiffs with house proper^, this is an Indispensable gu!ldt."—DecorttHoM. 
"Carefiilhr brought up to date, and much improved by the addition of a division eo finv 
art. . . . A well-written and thoughtftil work."— Z^»</^/m/'xJS<e9n<. 



LAW AN D MISCELLA NEOUS. 

Pocket'Book for Sanitary Officials. 

THE HEALTH OFFICER'S POCKET-BOOK : A Guide to 
Sanitary Practice and Law. For Medical Officers of Health, Sanitary In* 
specters, Members of Sanitary Authorities, &c. By Edward F. Willouqhbtt, 
M.D. (Lend.), &c., Author of " Hygiene and Public Health." Fcap. Svo, 
7S. 6d, cloth, red edges, rounded corners. [Just published. 

" A mine of condensed information of a pertinent and useful kind on the various subjects of 

which it treats. The matter seems to tiave been carefully compiled and arranged for facility 3! 

reference, and it is well illustrated by diagrams and woodcuts. The different subjects are- 

succinctly but fully and scientifically dealt with."— TA* Lancet. 

" An excellent publication, dealing with the scientific, technical and legal matters connected 

with the duties of medical officers or health and sanitary inspectors. The work is replete witb 

iDformation."— Local i^ovemmenf journal. 

Journalism* 

MODERN JOURNALISM, A Handbook of Instruction and 
Counsel for the Young Journalist. By Tohn B. Mackie, Fellow of the Insti- 
tute of Journalists. Crown 8vo, as. cloth. Oust published. 
" rhis invaluable guide to journalism is a work which all aspirants to a journalistic career wil 
read with advantage."— y(?«ma/tis/. 

Private Bill Legislation and Provisional Orders. 

HANDBOOK FOR THE USE OF SOLICITORS AND EN- 
GINEERS Engaged in Promoting Private Acts of Parliament and Provi- 
Bional Orders, for the Authorization of Railways, Tramways, Gas and Water 
Works, &c. By L. Livingston Macassby, of the Middle Temple, Barrister- 
at-Law, M.lnst.C.E. 8vo, sss. cloth. 

Law of Patents. 

PATENTS FOR INVENTIONS, AND HOW TO PROCURE 
THEM. Compiled for the Use of Inventors, Patentees and others. By 
G. G. M. Hardingham, Assoc.Mem.Inst.C.E., &c. Demy 8vo, is. 6d, cloth. 

Labour Disputes, 

CONCILIATION AND ARBITRATION IN LABOUR DIS 
PUTES : A Historical Sketch and Brief Statement of the Present Position 
of the Question at Home and Abroad. By J. S. Jeans, Author of "England's 
Supremacy," &c. Crown Svo, 200 pp., 2s. 6d. cloth. O^ws' published, 

*' Mr. Jeans is well qualified to write on this subject, both by his previous books and by his 
ractical experience as an arbitrator."— 7"** Times. 
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A Complete JEpitome •/ the Laws of this Country. 

EVERY MAN'S OWN LAWYER: A Handy-Book of the 
Principles of Law and Equity. With A CONCISE DICTIONARY 
OF LEGAL TERMS. By A Barrister. Thirty-second Edition, carefolly 
Revised, and including New Acts of Parliament of 1894. Comprising the 
Local Government Act, 1894 (establishing District and Parish Councils); 
Finance Ast, 1894 (imposing the New Death Duties) ; Merchant Shipping Act, 
1894 ; Prevention 0/ Cruelty to Children Act, 1894; Building Societies Act^ 1894 ; 
liotice of Accidents Act, 189^ ; Sale of Goods Act, 1893 ; Voluntary Conveyances 
Act, 1893 ; Married WomeWs Propcity Act, 1893; Trustee Act, 1893 ; Fertiliser 
-and Feeding Stuffs Act, 1803; Betting and Loans (Infants) Act, 1893; Shop 
Hours Act, ligz; Small Holdings Act, 1892; and many other important new 
Acts. Crown 8vo, 750 pp., price 6s. ^. (saved at every consultation I ), 
strongly bound in cloth. {Just published, 

*^* The Book will be found to comprise {amongst other matter)^ 
THE Rights and Wrongs of individuals— Landlord and Tenant— Vendors 

AND PURCHASERS— LEASES AND MORTGAGES— PRINCIPAL AND AGENT— PARTNERSHIP 

AND Companies— MASTERS. Servants, and workmen— Contracts and Agreements 
—BORROWERS, Lenders, and Sureties— Sale and purchase of Goods- Cheques, 
BILLS. AND Notes- Bills of Sale— Bankruptcy- railway and Shipping Law- 
Life, Fire, and Marine Insurance— Accident and Fidelity Insurance— Criminal 
Law— Parliamentary Elections— County Councils— District Councils— Parish 
Councils— municipal Corporations— Libel and Slander— Public Health and 
nuisances— copyright. Patents, Trade Marks— Husband and Wife— DrvoRCs— 
infancy— Custody of children — Trustees and Executors — Clergy, Church- 
wardens, etc.— Game Laws and sporting- innkeepers— horses and dogs— Taxes 

AND death duties— forms CF AGREEMENTS. WILLS, CODICILS, NOTICES, ETC. 

t^ The object of this work is to enable those who consult it to helb them^ 
selves to the law; and thereby to dispense, as far as posiible, with professional 
assistanu and advice. There are many wrongs and grievances which persons 5«6- 
mit to from time to time through not knowing how or where to apply for redress ; and 
mat^ persons have as great a dread of a lawyer's ojffice as of a lton*s den. With this 
book at hand it is believed that many a Six-and-Eightpkncb may be saved ; many 
a wrong redressed; many a right reclaimed; many a law suit avoided ; and many 
un evil abated. The work has established itself as the standard legal adviser of all 
classes, and has also made a reputation for itself as a useful book of reference for 
lawyers residing at a distance from law libraries, who are glad to have at hand a 
work embodying recent decisions and enactments. 

%* Opinions of thb Press. 
** A complete code of EngUsh Law, written in plain languam which all can understand, 
ookl be in the hands of every busineM man. and all who wish to abolish lawyers' biOs. . . ." 

treeJUy Tim4S, 
*' A nsefol and concbe epitome of the law, compiled with considerable care^"— jLow MagtuHne, 
" A complete digest of the most useful facts which constitute English \svtt"— Globe. 
" Admirably done, admirably arranged, and admirably cheap."— Z«e«£r Mercury. 
" A concise, cheap and complete epitcmie of the English law. So plainly written that he wlio 
«m>s may read, and he who reads may understand."— F<far<9. 

"The latest edition of this populiur book ought to be hi every business establishment, and on 
«very library \3\i\t:'— Sheffield Post, 

" A complete epitome of the law ; thoroughly intelligible to non-professional readers." 

Belts Li^ 

Legal Guide for JPatvnbrokers. 

THE LAW OF LOANS AND PLEDGES. With Statutes 
and a Digest of Cases. By H. C. Folkard, Esq., Barriater-at-Law. Fcap. 
8vo, 3«. 6d, cloth. 

The Law of Contracts. 

LABOUR CONTRACTS : A Popular Handbook on the Law 
of Contracts for Works and Services. By David Gibbons. Fourth Edition, 
Appendix of Sututes by T. F. Uttlsy, Solicitor. Fcap. 8vo, 3i. 6d. oloth. 

The Factory Acts. 

SUMMARY OF THE FACTORY AND WORKSHOP ACTS 
(1878-1891). For the Use of Manufacturers and Managers. By Ei«ix.b 
Garckb and J. M. Fells. ( Reprin ted from •' Factory Accounts.'') Crown 
Bvo, 6d. sewed. ^<,<r-"^ - 77" — — .^ 

OODBM, SMAU AMD 0(K^iT^f(, WU*^«.;^**AT tAFrROH HIU^ B. . 
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WEALE'S SGfEf/TfFW A TEGHNICH SERIES. 
MATHEMATICS, ARITHMETIC, &c* 



Geometry, Descrfptlve, J, F. H^atukb . 
Practical Plan© Geometry, J. F, Hkathbh. 
Analytical Geometryp J. Hakk & J* R, Youkg. 



Geometry. Fart I, (Enclia, Bka, L— IIL) 

Fart ir» (Eudid, Boolts IV., \.^ ' 
Sit). H. Law , 
Geometry, In i yoL (End id's Elements) . 
Plane Trigonometry. X Hakn 
Spherical Trigonometry. J, Hank 

The aboT© 2 vols., boirnd together . 
Differentia! Calculus. W, B, R Woolhousb 
Integra) Oalculus> H. Cose 
Integral Calculus. Jr Hahn , . , . 
Algebra* J. Hapdon . . , , . 

Key to ditto 

Book-keeping. J. Hadi>on 

Arithmetic. J» R- Young , , , . 

Key to ditto. , 

Eq national Arithmetic* W, HiPfiLEr 
Arithmetic* J. Hadi>on - . , * 
Key to ditto 
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Mensuration and Measuring. T. Dakjcr . 
Slide Rule, & How to Use it 0. Hoabh 
MeasureSj Weights, & Moneys. W. S. B* WcKJiiioui^E 
Logarithms, Treatise on, with Tables* H, Law 
Compound Interest and Annuities. F* Th^^man 
Compendious Calculator. D. O'Gokman 
Mathematics. F, CAJariN ..... 
Astronomy. E. Main k W. T. Lyn^n , 
Statics and Dynamics. T. Bak£k 



1/6 
1/6 

1/6 
4/6 
1/6 
2/6 
2/6 
3/- 
4/- 
2/6 

3/- 
1/6 



CROSBY LOCKWOOD & SON, 7, Stationers* liaH Court, E.a 











Bui 

Set* 

Bui 

Boc 

Dw^ 

Oof} 

Afioj 

Prat 

Pra4 

Brie 

BHd 

Prac 

Garp 

Haf«i 

Cong 

JoFntf 
Shoil 
TimlM 
Pluml 

Praetit 
House 
Et^mei 
Practi^ 

Warmil 
Porllftti 
Umes#i 

Quantl 
Com pi 
Light, 
Hints t* 



tt 

2 



o 

< 



o 

QC 





z 

Of 



crosbv tA 



U. C. BERKELtY LIBRARlfTS 



I 




WBALE 



C05M=12a7flM 



SERlEi 



BUILDINQ ft ARCHITECTURE— fonti. 

Dictionary of ArcHttaciural Terms. J, Wkalx 
Architecture! Orders. W. H. Lbks« , 
Architecture, Styles. T» T* BuitY 

The above 3 toIs., boimd together 
Architecture, Design. E. L. Gabb^tt 

Thft *boTe 3 tdXs., b^jund together , 
Architectural Modelling. T^ A, EipHAjit>£oK , 
Vitruvius' Architecture* J. Gwilt 
Grecian Architecture- Lord Ab:ead£ek , 

The aboro 3 Tok., botind toeethBt / 

/ / 
FINE ARTP 



Dictionary of Painters. F, P 
Painting, Fine Art, T. J. P 
Grammar of Oorouring. 
Perspective. G. Pykk 
Glass Staining & Paintiiv^ 
Music. C. C. Spj£NC£a . 
Pianoforte Instructio'' 
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jjf. Gee 

Practical Organ BuilcJingp W. E, Diokson 

Coach Building. J, W, BTjmi:EBfl . 

Brass Founder's ManuaL W. Gkahak , 

House Decoration. J* W. Facet. 

Letter-Painting Made Easy. J, G, Bai>kno€H 

Boot and Shoemaftii^, (jj B'.Tiraftv » 

Mechanical Dentistry. Crfeftri^TM'^ 

Wood Engraving. W. H* Beown. 

Laundry Man age m e nt 






G. E. Gee 



s/- 

1/6 
a/- 
3/6 

1/6 

s/- 

1/- 
6/- 



a/d 

5/- 



TIDSOK 3/- 

. . a/- 

. . 2/G 

. 3/6 

. . 1/6 



a/- 
4/6 
3/- 
3/- 
7/- 
3/- 

3/6 
2/6 

=•/- 
5/- 
1/6 

a/- 

3/- 
1/6 

a/- 




(i. 



h 



